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Abstract 
The present Master thesis aims to increase flexibility in the power system and therefore 
facilitate the integration of variable renewable energy (VRE) power generation. The study 
focuses on the district heating (DH) sector in Denmark, where the promotion of heating 
technologies that can operate flexibly wants to be prioritized. The combination of combined 
heat and power (CHP) and power-to-heat (PtH) technologies is a potential solution for 
flexibility but PtH still requires further deployment in order to better adapt to the power sector 
requirements and, at the same time, be a cost-efficient heating technology. Under current 
regulation, electric boilers are seldom competitive, whereas heat pumps are competitive but 
not incentivized to operate flexibly. Therefore, the study focuses on how current regulation 
can be modified in order to promote PtH technologies in the Danish DH sector and 
simultaneously encourage flexibility in the power system.  
Since the high electricity prices in Denmark act as barriers for an efficient use of electricity 
for heating, it is proposed to make electricity tariffs dynamic according to the power system 
needs. The study focuses on the economic effects of dynamic tariffs and does not intend to 
be a full model-based energy analysis that assesses the influence in the technical energy 
system performance. Two models in Microsoft Excel, namely Performance Model and 
Feasibility Investment Model, are built to simulate the performance of the technologies over 
2015 and to assess the full lifetime investment in PtH technologies in Danish DH plants. 
These two models address the quantification of electricity costs, heat prices, operational 
hours, levelised cost of energy and payments to the tariffs collectors. Different dynamic 
tariffs’ designs are tested and hence assessed according the quantified parameters. The 
criterion for the selection of the design relies on improving the private-economic benefits for 
PtH, promoting the flexibility for the power system and assuring at least same tariffs 
revenues for the collectors. The outcome of the analysis demonstrated that no design for 
the heat pumps fulfills this criterion contrary to the electric boilers. As a result, a dynamic 
tariff is proposed only for the electric boilers, which reduces significantly their production 
costs, increases their flexible operation and ensures same revenues for the tariffs collectors. 
In conclusion, the proposed dynamic tariff is an economic incentive for DH to invest in 
electric boilers and also promote flexibility and VRE integration in the power system.  
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1. Nomenclature 
CAPEX Capital Expenditure 
CHP  Combined Heat and Power 
COP  Coefficient of Performance 
DERA  Danish Energy Regulatory Authority 
DH  District Heating 
DSO  Distribution System Operator 
EBT  Earnings Before Taxes 
EU  European Union 
FiP  Feed-in Premium 
FiT  Feed-in Tariff 
HOB  Heat Only Boiler 
IRR  Internal Rate of Return 
LCE  Levelised Cost of Energy 
NPV  Net Present Value 
O&M  Operation and Maintenance 
OPEX  Operating Expenditure 
PBT  Pay Back Time 
PSO  Public Service Obligation 
PtH  Power-to-Heat 
TSO  Transmission System Operator 
VAT  Value Added Tax 
VRE  Variable Renewable Energy 
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2. Introduction 
The variable renewable energy (VRE) power production and its limited predictability is 
increasingly threatening the power market. This fluctuating power generation creates 
unbalances in the system and provides extreme low power prices. Particularly in Denmark 
the challenge is found in the wind power generation, which requires dynamic response from 
the power system. The Danish government has set up demanding environmental goals that 
incentivize major development of wind energy: for 2020 wind turbines shall produce 50% of 
electricity consumption, for 2030 all oil boilers should be removed and substitute by power-
to-heat (PtH) technologies and for 2050 Danish energy should be 100% renewable [1].  
Since wind power introduces hours of zero prices, when wind generation is relatively high, 
then other electricity production sources need to be reduced. When the marginal costs of a 
power-generating unit are higher than the power price, the unit is forced to stop generation, 
since the production is only going to provide losses instead of revenues.  However, 
start/stop costs are high and central power plants usually require several hours of negative 
prices before it is profitable to stop production [2]. 
This situation indicates the little dynamism in the power market, which starts to be critical 
problem since today zero or low power prices are increasingly more frequent. However, also 
periods without wind generation are challenging for the power system, because the missing 
wind generation has to be substituted by the power plants. System adequacy is required 
since high wind production incentivizes installed capacity reductions in the power plants 
while lack of wind production requires installed capacity extensions of the power plants. In 
conclusion VRE power production challenges the power market and creates a need for 
flexibility in the energy system [3]. 
Since low spot prices reflect electricity surplus, the power system dynamic response should 
incentivize consumption. On the other hand, high spot prices represent lack of electricity, 
and therefore the system should discourage consumption and incentivize power production. 
This study aims to achieve a dynamic response in the power system by means of 
strengthening the integration between the heat and the electricity sector. When there are 
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zero/low power spot prices it would be cost-efficient and environmentally friendly to use 
electricity for heating instead of common fuels like oil or natural gas. However, electricity 
prices are distorting the use of energy and current taxes and tariffs act as barriers for 
flexibility in the power system [2]. 
The study analyses the regulatory framework conditions in the Danish district heating (DH) 
and power sector that affect the flexibility in the power system. Being flexibility the ability to 
respond to changes in supply and demand, the study identifies combined heat and power 
(CHP) and PtH as a potential combination for providing flexible operation according to the 
power needs [4]. While technical potentials for dynamic responses of CHP and PtH are 
high, deployment of PtH is low due to regulatory barriers [5]. 
Although the study focuses in Denmark, also an overview of CHP and PtH in neighbor 
Nordic countries is provided. The regulatory conditions are complex and largely differ from 
country to country.  
The Danish power market is integrated to the Nordic power market where European Union 
(EU) regulations are equally applied for all of them. Nevertheless, the situation is completely 
different for the Danish DH where local and national regulations vary in diverse technologies 
and municipalities. [3] 
In general energy is taxed when buying the fuel, while electricity is taxed based on the 
electricity consumption. This way of taxing electricity is chosen in order to avoid negative 
effects on import and export, and the international competitive advantage of power 
producers. However, this taxation on consumption results in making electricity much more 
expensive than traditional fossil fuels on power plants. [2] 
The high electricity prices in Denmark are mainly due to high taxes and tariffs that hinder an 
efficient use of electricity for heating and restrict the flexibility of the power system [3]. The 
Danish electricity price system is rather complex, with several exceptions for types of end-
uses, amount of consumption, location areas and so on. Households and the public sector 
usually pay higher prices (which is the case of comfort heating in all sectors), meanwhile 
trade and industry are taxed at lower levels [6]. The high tariffs and taxes are argued as 
measures to reach environmental targets, to ensure quality and security of supply and, 
eventually to create tax revenues for the state, the transmission system operator (TSO) and 
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the distribution system operator (DSO) [5]. 
The present Master thesis aims to present a solution for incentivizing the deployment of PtH 
in the DH sector in Denmark, in order to smooth the impact of recent and frequent zero/low 
electricity spot prices and help integrate VRE power production.  
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3. Existing heat-electricity framework in Denmark 
3.1. Flexible tecnologies in district heating 
Denmark accounts for really high DH penetration that covers half of the total heat demand. 
Statistics show that 63% of all Danish households are connected to DH and 69 % is 
produced by CHP. The most common fuels for DH production are coal, natural gas and 
biomass. [6] 
The Danish Energy Agency defines the general conditions for DH systems in the Heat 
Supply Act in 1979 (Varmeforsyningsloven). The most relevant rules in the Danish law are: 
ban on electric heating in buildings within DH or natural gas supply network, obligatory 
connection for consumers to DH or natural gas supply network, principle for priority in CHP 
production and principle for non-profit heat pricing. [7]  
According to the Danish Energy Strategy, Denmark aims to be non-fossil fuel dependent by 
2050. The heating sector is expected to promote integration of VRE and conversion of 
individual heating systems to DH [8]. Considering the energy targets, fossil fuels are heavily 
taxed while VRE production is not taxed at all [6]. 
DH accounts for high synergies with the electricity sector in terms of flexibility contribution to 
the power system balancing. CHP plants can operate flexibly using storage tanks and 
bypass steam turbines that decouple their combined generation. PtH technologies, such as 
electric boilers or heat pumps, can also operate flexibly according to electricity prices and 
heating demand. [3]  
When electricity prices are high, CHP plants can generate more power and store the 
surplus heat in storage tanks. In contrast, when low electricity prices, PtH can absorb the 
excess power while CHP can uniquely produce heat and avoid electricity generation. Using 
flexible technologies in DH systems facilitates VRE integration and balances the electricity 
system.  
The flexible potential of PtH technologies in DH is only partly exploited today. In order to 
promote their deployment, taxes on electricity consumed by PtH were reduced in 2013 [6]. 
In spite of the regulatory improvements, PtH flexibility cannot still be properly exploited 
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today. Being aware of the increasing VRE generation, there is urgent need for a deep 
regulatory reform.  
3.1.1. Combined heat and power 
CHP generation has been proved to be high energy-efficient and environmentally friendly 
way of electricity and heat generation. The fuel used in electricity generation is efficiently 
exploited, because the excess heat from the generation process is used for heating. [9] 
Because of important reductions in fuel used and CO2 emissions, Denmark widely deployed 
CHP more than 100 years ago. Nowadays, Denmark is in a leading position, accounting for 
more than half of all electricity produced from CHP. A high share, around 70%, of the 
Danish DH comes actually from CHP. [6] 
Today Denmark has around 670 both centralized and decentralized CHP plants. The 
centralized plants originally produced electricity and were located in large cities, whereas the 
decentralized plants originally were local heat plants located in medium and small cities. 
Typically, large energy companies own the largest plants, while industries, municipalities or 
cooperative societies own the smaller plants. [9] 
CHP generation is a potential solution for traditional power plants problems with fluctuations 
in the power market. Central power stations cannot stop operation when low electricity 
prices due to restricting high start/stop costs. Therefore, they produce large amounts of 
power during hours with low electricity prices, thus having important economic losses. The 
dynamic abilities of the power plants are improved by cogeneration of heat and power 
production. CHP plants can decouple power and heat generation. Subsequently, when 
electricity surpluses, low spot prices, they can avoid electricity production and continue 
supplying heat. In that way, there is no need to shut down the power plant, or to sell excess 
electricity with low, zero or negative profits. On the other hand, when there is need for 
electricity, related to high spot prices, CHP can increase the electricity production and store 
the surplus heat in accumulation tanks. Conclusively, CHP can be considered as an 
attractive and efficient option for DH and power flexibility in Denmark. 
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3.1.2. Power-to-heat 
PtH technologies connect the heat- electricity interface and can provide flexibility to the 
power system while contributing to integrate excess VRE generation. The study focuses on 
two PtH technologies that operate in different electricity-price ranges: electric boilers and 
heat pumps.  
Electric boilers are basically used for peak load periods with very low electricity prices. They 
can prevent CHP units to stop their operation by absorbing the surplus of electricity. On the 
other hand, heat pumps are used for a wider range of spot prices. They operate for both low 
and average electricity prices, so their role is as base-load operators acting as substitutes to 
CHP units. 
Due to the increasing share of wind generation and consequently frequent very low 
electricity prices, the use of PtH in DH plants becomes an attractive solution for balancing 
the system. In spite of having a great potential, PtH currently covers only 4% of the heat 
generation [9]. Their competitive advantage is not sufficiently incentivized in the existing 
electricity framework and demands for further regulatory reforms.  
3.1.2.1. Electric boilers 
Electric boilers can operate in all electricity markets: spot market, regulating market and 
balancing market. However, they are especially suited for down regulation since their range 
of operation is when low spot prices and they can offer a really fast response to the system 
[10]. Electric boilers started to be installed in DH around 2007 and subsequently by 2015 
there had been installed around 414 MW of total capacity installed [10]. In fact, they run few 
hours per year, since they are only cost-effective in peak loads, and alternative cheaper 
options, such as natural gas, are much more economically-competitive during normal 
operation. Since they have low investment costs, the barrier is found in the high marginal 
production costs that depend on electricity prices. For every unit of electricity consumed, 
they produce one unit of heat and consequently they are very sensitive to spot prices. As a 
result, electric boilers are very useful for helping integrate VRE generation and help 
reducing the low spot price periods. In conclusion they can provide great short-term 
flexibility response to the electricity system.  
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3.1.2.2. Heat pumps 
Heat pumps currently operate as base-load generators in the Danish DH sector. In 2014, 
there were already around 20 large heat pumps installed in the DH system [11]. However, 
heat pumps flexibility is not yet exploited, and their use competes with gas heating systems 
as base-load operators. Heat pumps electrify the heating sector like electric boilers. 
Although they have higher purchasing costs and lower heating speed, they have much 
lower operating costs since their efficiency rate is much higher. For every unit of electricity 
consumed they can produce around 3-4 units of heat [12]. Mainly because of their high 
investment costs, they require lot of operational hours to be profitable and therefore they 
operate as base-load heat generators without contributing to the flexibility of the system. 
They only stop their production during really high peaks in spot prices, which makes them 
uncompetitive compared to cheaper options like biomass and gas. 
3.2. Regulatory framework 
Although there is high potential for power flexibility in the heating sector, its deployment is 
constrained by the current regulatory framework. The aim of this section is to understand 
the existing heat-electricity structure and subsequently identify the regulatory drivers and 
barriers for flexibility in the Danish DH system.  
3.2.1. Regulatory framework for district heating sector 
The regulatory framework for the DH sector in Denmark is based on data in [6]. 
3.2.1.1. Danish district heating history 
Heating policies have prioritized different players, sources and targets through the years 
and therefore define the main drivers and characteristics of the DH sector in each time-line 
period. However, the regulations not only affect the heat market, but also the electricity 
sector. 
The first CHP plant in Denmark was built in 1903 and since then, CHP participation in the 
market has been switching in accordance to Danish regulatory conditions and policies. The 
first significant energy policy that provided priority to CHP was in 1986. It was an agreement 
that obliged small-scale CHP plants to establish a minimum power capacity of 450 MW. 
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Then, in order improve efficient utilization of energy, a national ban on electric heating in 
buildings was introduced in 1988. The ban is still in effect, although low-energy buildings are 
exempted.  
Later on, in 1980, targeting an efficient and environmental-friendly use of energy, taxes 
were applied to fuels used for heating generation. However, it has to be said that biomass 
and biogas were exempted from the tax. Then, when oil and gas prices dropped at the end 
of 1980, the tax level for oil and gas was increased.  
Afterwards, heating regulation was updated, promoting transition from heat only boilers 
(HOB) to CHP, use of natural gas, use of environmental-friendly fuels, and increase of CHP 
production. The targets were CO2 reduction and gas natural network expansion. During that 
period, taxation on CHP was modified. Subsequently in 1992, appeared a subsidy for 
electricity production in decentralized CHP replacing the previous subsidies for electricity 
generation. Then, the subsidy was reduced, except for small CHP. Since the reduction 
caused financial problems for CHP units, the government provided compensation via aid-
pool. Finally, in 2003, a tax reduction for small scale and industrial CHP generation was 
implemented, and the subsidies remained reduced.  
Nowadays, the Danish DH mainly comes from CHP or HOB. The deployment of CHP is 
increasing from time-to-time, accounting nowadays for 69% of all DH in Denmark, mainly 
due to its high efficiency rates and fuel savings of around 30%. However, in recent years, 
low electricity prices are making CHP production decrease, and HOB production has 
correspondingly been increased.  
3.2.1.2. Danish district heating structure 
In Denmark, production and supply of DH are natural monopolies due to economies of scale 
for heat production and network costs. Public heating supply is regulated under the Heat 
Supply Act in 1979 (Varmeforsyningsloven), which states that the city councils in 
cooperation with utility companies and other stakeholders, have responsibility to carry out 
heating planning for the municipal area. Danish DH companies are organized according the 
Danish District Heating Association and the Association of Danish CHP plants. 
Large scale CHP are owned by large companies, while municipalities or consumer owned 
cooperatives own small-scale CHP. The heating produced in the plants is transported 
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through several distribution networks interconnected by a transmission grid. Consumers 
heating demand control the Danish heat supplied. Nowadays, there is metering installed on 
consumers with the purpose to incentivize them to save heat. Heating bills are divided into a 
fixed part related to installation and capacity and a variable part related to consumption.  
The Danish Energy Regulatory Authority and the Board of Appeal within the energy area 
supervise the DH sector and deals with complaints regarding prices and conditions.  
3.2.1.3. Heating price 
Heating prices differ across Danish DH areas, however the Heat Supply Act applies to all of 
them. The law states that the heating price has to cover all necessary costs related to the 
supply of heat while the supplying company is not permitted to make any profit. Therefore, 
heating costs include: fuel costs, heating production facility, DH network, buildings and 
operation and maintenance (O&M). In other words, heating plants cannot charge more than 
the costs of producing and transporting heating to consumers. These costs include 
depreciation assets and financing costs, so that companies are financially feasible in the 
short and long-term.  
The heating price for consumers is therefore influenced by: production facility investment, 
DH network investment, production facility O&M, DH network O&M, efficiency of the 
production facility, heat loss in DH network, fuel prices, taxes and value added tax (VAT), 
financial support/grants and electricity price (when DH production includes use/generation of 
electricity). 
Generally, fuel costs, including taxes and VAT, have the highest share in the total heating 
cost. Figure 1 illustrates the fuel costs composition for heating production estimated by the 
Danish Energy Agency. 
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Typically, large plants can buy fuel at lower prices and large networks provide lower heating 
prices because of the impact of economies of scale. Consequently, DH is cheaper than 
individual oil/gas/biomass boilers or individual heat pumps and therefore most consumers 
choose DH as their heat supply. 
3.2.1.3.1 Taxes on fuels used for heating production 
Taxes are imposed on the use of fossil fuels for heating production, but biomass is 
exempted from tax. Therefore, Danish DH producers have an incentive to use biomass 
fuels.  
Taxation for fuels used for electricity production is different since the tax is levied on the 
consumers’ use of electricity rather than the fuel type itself. Therefore, it becomes a 
challenge to use electric PtH in DH, since electricity consumption is highly taxed in 
Denmark. Although electricity tax reductions on PtH technologies have improved the 
conditions, the reform has not been strong enough to have a significant effect.  
 
Figure 1: Fuel costs for heating production including taxes and VAT [6] 
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3.2.1.3.2 Subsidies 
In 1990, some heating plants received investment grants. However, most of them have 
ceased since the maturation of the technology. Today, all central CHP plants and most 
decentral CHP plants sell electricity in the Nordic power market at the market price. 
Therefore, they must optimize their production according to the market price of electricity on 
the spot market, where prices are set for each hour. Therefore, CHP plant operators aim to 
produce electricity and heating in cogeneration when electricity prices are high. Likewise, 
they try to minimize their production when electricity prices are low and therefore the 
combination of CHP and PtH can be a potential flexible solution. Furthermore, its flexibility 
can also be increased by the implementation of heat storage and bypass power turbines.  
In addition to the income from electricity sales on the spot market, most of the decentral 
CHP plants receive an electricity production subsidy. Firstly, this subsidy was granted as a 
feed-in tariff (FiT) with three different tariff levels depending on the time of delivery, but has 
been converted to a fixed annual amount, which is available until the end of 2018.  After 
2018, only power and CHP plants using renewable energy sources will receive an add-on to 
the market price of electricity.  
3.2.2. Regulatory framework for the electricity sector 
3.2.2.1. Danish electricity history 
The electricity generation in Denmark mainly comes from central power stations and 
decentral local CHP plants using coal, gas, biomass or waste as principal fuels. However, 
the wind share in electricity production was increasing year by year and in 2015 it reached 
42% of total electricity demand.  The high percentage of VRE is explained because of the 
Energy Strategy that targets to be non-fossil fuel dependent by 2050. Later on, the Danish 
government is trying to increase the share of electricity from wind up to 50% by 2020 and up 
to 84% in 2035. [13] [14] 
The Danish electricity market belongs to the free Nordic electricity market that was 
liberalized in 1999 with the aim to incentivize free competition in electricity production and 
trade. Liberalization led to unbundling of the transmission grid from the electricity 
generation. Since that moment, the grid has been independent and many new players have 
entered the market and trade via the power exchange Nord Pool. [15] 
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Nevertheless, the current regulatory aims in the electricity market are increase in renewable 
energy share, reduction in CO2 emissions, improvement in security of supply, reduction of 
electricity dependence in the heat sector and priority to government or companies’ 
revenues. These traditional policies in combination with high prices in electricity 
consumption act as barriers for the deployment of PtH and CHP technologies in Denmark. 
3.2.2.2. Danish electricity structure 
The electricity structure in Denmark, as described in this section, can be found in [16]. 
The retail electricity market was completely liberalized in January 2003. Now all consumers 
are able to choose their electricity supplier and consequently they pay the electricity supply 
price that comes from their choice.  
On the other hand, the use of the grid infrastructure is not part of the free market and it is 
identified as a natural monopoly. The total electricity grid is divided into the distribution grid 
at local level and the transmission grid at national level.  
The distribution grid operator (DSO) is owned by local consumers (cooperatives), 
municipalities or DONG A/S (largest energy company in Denmark). They are regulated by 
the Danish Electricity Supply Act and Secondary Legislation. Each DSO monopolizes the 
grid in its area and provides same market conditions for all consumers. In addition, they are 
responsible for the metering interface. 
The transmission system operator (TSO) is a monopoly owned by Energinet.dk and there is 
no direct contact between TSO and consumers. The main objective is to ensure stable 
operation of the system. Energinet.dk participates in the system regulation together with the 
Danish Energy Agency, being the last one subject to Parliamentary control. 
Then, there are balancing responsible parties, which are economically responsible towards 
TSO to provide balance. The balancing responsibilities are different for consumers, 
producers and traders. Consumption is set in one-price system, while production is set in a 
two-price system. Thus, in economic terms, imbalances in consumption will not necessarily 
be offset with contrary imbalances in production. Imbalances in consumption can create 
revenue and expenditures, while imbalances in production always create expenditures.  
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Finally, the Danish Energy Regulatory Authority (DERA) regulates energy companies’ 
activities and approves electricity taxes and tariffs. DERA is independent from the Energy 
Ministry and Parliament and can only be appealed to the Energy Board of Appeal 
(organizational part of the Ministry of Environment).  
3.2.2.3. Electricity price 
Electricity prices vary between countries, but they and can even vary within a single region 
or distribution network of the same country. The price highly depends on the type of power 
market, the fuels used, the type of consumers, the government regulation or even local 
weather conditions patterns. 
In the second semester of 2015, the average price for electricity households’ consumers in 
EU was 1571 DKK/MWh while in Denmark was 2270 DKK/MWh. For industrial consumers 
the average price in EU was 1125 DKK/MWh and in Denmark was 1940 DKK/MWh. [17] 
Fortunately, taxes and tariffs vary from sector to sector and turn to be lower for industrial 
consumers. Table 1 presents the average prices for households and industry consumers 
over the last five years. The prices include VAT and other recoverable taxes and levies.  
Years 2010 2011 2012 2013 2014 2015 
Household 
electricity price 
[DKK/MWh] 
2017,8 2215,5 2215,0 2189,5 2260,6 2269,9 
Industry electricity 
price [DKK/MWh] 
1708,7 1744,7 1804,5 1837,4 1912,1 1940,0 
Compared to other European countries, Danish electricity prices have followed an 
increasing tendency through years, resulting in today’s very high values [17]. 
Table 1: Electricity price comparison for households and industry in Denmark [17]  
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According to Figure 2, one can observe that Denmark (at the left of Figure 2) accounts for 
high electricity prices, although more than half of the final price is made up of tariffs and 
taxes.  
The Danish power price for a consumer is composed of six elements: the electricity spot 
price (cost of energy), a distribution grid tariff, a transmission grid tariff, a public service 
obligation (PSO) tariff, and an energy tax. Figure 3 depicts the overall scheme of the price 
composition.  
 
 
Figure 2: Industry electricity prices in European countries in the 2nd half of 2015 [17] 
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Energy tax 
35% 
PSO tariff 
22% 
Transmission grid tariff 
8% 
Distribution grid tariff 
12% 
Electricity spot price 
23% 
A detailed explanation of the fundamental characteristics of each element of the electricity 
structure follows. [16] 
3.2.2.3.1 Electricity spot price 
The electricity spot price is the market price when matching the electricity purchase and 
sales bids in the day-ahead market Nord Pool. It reflects the power production costs and the 
balance in the Nord Pool system. Nordic and Baltic countries have their power markets 
joined into a common Nord Pool market based on free competition. Power is exchanged 
between different countries and from different sources, thus enhancing efficiency, quality 
and security of supply. The electricity spot price is determined according to the supply and 
demand in all Nord Pool countries and therefore it is a proper indicator of the power system 
needs.  
Figure 3: Electricity price composition for a heat pump when a spot price of 250 DKK/MWh 
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3.2.2.3.2 Distribution grid tariff 
The distribution grid tariff covers the costs from the TSO for providing access and services 
on medium and low voltage to consumers. Each DSO determines it locally. 
· Grid access charge (Netabonnement): It covers O&M of the low voltage 
distribution grid, technical and administration costs from DSO, services to 
customers and costs of meters. It is a monthly charge tariff. 
· Local grid tariff (Local nettarif): It covers grid losses in the distribution grid, O&M of 
the medium voltage grid, depreciation of assets (except meters), cost of 
decommissioning of infrastructure (overhead lines), insurance premiums, energy-
saving activities, and similar. The tariff is based on consumption. 
3.2.2.3.3 Transmission grid tariff 
The transmission grid tariff result from providing access and services in the TSO on high 
voltage levels. Energinet.dk determines it. The transmission tariff is only based on the 
electricity consumption of each consumer and applied at national level 
· System tariff (Systemtarif): Accounts for costs of Energinet.dk in relation to 
security and quality of supply of. It covers the cost associated to reserve capacity, 
ancillary services and power system balancing. 
· Grid tariff 400/150/132 kV (Nettarif): It takes into account the costs related to the 
main electricity grid and international connections (high voltage) and the 
transmission grid losses. It also accounts for costs in relation to O&M, 
administration, depreciation of infrastructures and the financial expenditures.  
3.2.2.3.4 Public service obligation tariff  
PSO tariff covers Energinet.dk costs related to public service obligations stated by the 
Danish Electricity Supply Act. In other words, its scope is to finance political initiatives such 
as support of renewable energies and decentral plants. In a lower rate, it also helps to 
adjust profit or loss from previous periods and covers research and development initiatives 
and financing costs. The tariff is based on the electricity consumption and applied at 
national level. It is reviewed four times per year based on forecasted power prices for the 
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coming quarter and over/under compensation for the previous quarter [18]. Energinet.dk 
sets the tariff for the next quarter. Furthermore, there is a PSO reduction for large 
consumers of more than 100 GWh/year and a total PSO exemption for electric boilers.  
3.2.2.3.5 Energy tax 
Energy taxes promote energy savings and CO2 reductions but also finance part of revenue 
for the state budget. Electricity taxes are state energy taxes fixed per MWh that are on a 
frequent basis updated. Fuels for electricity production are exempted from taxes since they 
could have negative influence on Denmark’s large import and export of electricity. 
Consequently, an energy tax is levied on electricity consumption. The energy tax is 
composed of different tax elements governed by different laws but all of them are 
consolidated into a single tax (Vaekstplan DK).  
In addition, different levels of electricity taxes apply to different customers. Embassies, 
consulates and representative institutions of foreign states are exempted from paying the 
energy taxes. Residential and commercial users pay higher taxes than industry and 
agriculture. Furthermore, electricity for heating, metallurgic and chemicals is also less taxed.  
From the electricity price composition one can be aware that the high electricity price in 
Denmark is not because the cost of electricity energy itself (electricity spot price). Taxes and 
tariffs account for approximately 77% of the total price: tariffs are about 42% and taxes the 
remaining 35%. Inequitably, Denmark levies are around three times above the European 
average energy taxation [19]. 
Users participate in a free choice market of suppliers and electricity product. This freedom is 
only related to the purchase of the electricity itself (spot price). Transmission and distribution 
grid tariffs and state taxes apply anyway to consumers regardless of their choice of supplier. 
Conclusively it means that only one fifth of the final electricity price for a consumer is subject 
to competition in the retail power market. [20] 
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3.2.3. Regulatory framework for the flexible technologies 
DH is a local or regional sector that differs significantly among countries depending on the 
technology mix, fuel distribution, regulatory conditions, etc. In addition, the electricity sector 
strongly relies on each country characteristics and priorities. Therefore, the aim is to 
determine the particular Danish regulations that apply to CHP and PtH, and identify their 
behavior as drivers or barriers for flexibility. 
3.2.3.1. Combined heat and power 
Denmark is a leading player in CHP with more than 100 years of experience and technology 
deployment. More than half of the total power production in Denmark is generated in CHP 
plants. From all the Danish DH produced, around 70% are CHP [6]. The motivation for 
promoting CHP concerns the security of supply and energy efficiency. However, due to low 
market prices that result into less operational hours for central CHP, their installed capacity 
is gradually decreasing. A CHP flexible operation is now needed and consequently 
regulations have to be approached from another perspective. The main regulatory 
characteristics in Denmark concerning flexible CHP operation are listed below [3]: 
3.2.3.1.1 Absence of mandatory procurement of electricity 
Mandatory procurement of electricity disincentives flexibility, since CHP is promoted to 
produce independently of the system needs. Although its absence reduces CHP reliability to 
sell electricity and therefore increases risks for investors, it is a driver for flexibility. 
3.2.3.1.2 Absence of feed-in tariff  
FiT makes electricity production profitable even when power prices are low. Power 
generation is promoted but not adjusted to market fluctuations and this makes reduce 
system flexibility. Although FiT absence reduces CHP reliability to sell electricity and 
therefore increases risks for investors, it acts as driver for flexibility. 
3.2.3.1.3 Absence of feed-in premiums  
Only biogas CHP receives FiP to some degree. They are similar to FiT since they 
disincentive flexibility by promoting electricity generation no matter the system needs. 
Page 26  Memory 
 
Although FiP absence reduces CHP reliability to sell electricity and therefore increases risks 
for investors, it drives flexibility. 
3.2.3.1.4 Market pricing for electricity 
Adjusting CHP electricity production to market needs is a proper practice for flexibility. 
Market pricing is an essential driver for flexible operation. 
3.2.3.1.5 Power capacity payments (Grundbelob) 
Power capacity payments are subsidies granted to decentral CHP for having capacity 
production even when not used. They adjust the marginal bidding price from long run 
marginal costs to short run marginal costs, thus making CHP more competitive and able to 
adjust to market prices. The payments incentive the investment in new CHP, as well as 
enhance the competitiveness of the existing ones. Conclusively capacity payments are 
drivers for flexibility. 
3.2.3.1.6 Tax exemptions for fuel to electricity production 
Fuels are typically taxed, but the ones used for electricity generation are exempted of the 
taxation. Fuel tax exemption is a driver for flexibility since it makes CHP more competitive in 
the market and increases its investment. Nevertheless, the impact of fuels for electricity 
production is taxed in the electricity consumption.  
3.2.3.1.7 Tax reductions in energy and CO2 
Lower taxation decreases marginal costs of operation and thus makes CHP more 
competitive in the market. Tax reductions for CHP are drivers for flexibility, as they foster the 
investment in the technology. 
3.2.3.1.8 Absence of tariffs for CHP electricity production 
Tariffs could be levied on electricity production when low electricity prices in the market. 
These tariffs are drivers for flexibility since they incentive generators to stop producing 
electricity when there is a surplus. Acknowledging the ability of CHP to shift to heat 
production when low prices, these tariffs for feeding into the grid would promote CHP 
competitiveness.  
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3.2.3.1.9 Absence of grid discounts 
A reduction in the costs of connecting CHP into the grid would be an adequate driver for 
flexibility. It would imply one-time cost, therefore only affecting the bidding price marginally. 
CHP investment would be incentivized. 
3.2.3.2. Power-to-heat 
In Denmark, the high electricity consumption price is defined as the main barrier for PtH 
deployment. Although PtH technologies are constantly increasing in Denmark, they have 
only a small share in the total system. Taxes and tariffs in electricity consumption are 
constraining PtH deployment since they do not allow them to generate heat at profitable 
price. The main regulatory characteristics in Denmark that affect PtH deployment follow [3]. 
3.2.3.2.1 Exemption of PSO tariff 
There is an exemption of PSO tariff for electric boilers as their electricity consumption is 
used for heating purposes. Heat pumps are not awarded with the PSO exemption, as their 
electricity consumption per unit of heat produced is significantly lower. PSO absence 
decreases the marginal costs of the electric boilers operation, making them more 
competitive and worth investing.  
3.2.3.2.2 Reduction of electricity tax 
There is a reduction of the electricity tax for heat pumps and electric boilers. This lower 
taxation decreases marginal costs in operation making PtH more competitive in the market. 
The reduction promotes investment in PtH for DH. 
3.2.3.2.3 Grid tariffs payment for electricity consumption 
Gird tariffs act as barriers since they charge DH producers for using electricity for heat. 
They increase marginal costs in operation and decrease the competitive advantage of PtH. 
Local grid tariffs disincentive the investment in PtH technologies.  
3.2.3.2.4 Levies for electricity consumption 
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Electricity consumption taxation makes PtH uncompetitive in the market. It acts as the main 
barrier for the deployment of the technology. 
3.2.3.2.5 No subsidies for PtH technologies 
A subsidy for PtH technologies would incentive their investment. The one-time cost affects 
bidding price regarding long run marginal costs. 
3.2.4. Heat-electricity framework conclusions 
This part summarizes the most important conclusions about the existing regulatory 
framework in Denmark from a flexibility point of view.  
First, CHP exposure to the power market has been identified as the most essential condition 
for flexibility. Denmark does not hold FiT or mandatory procurements schemes, but should 
avoid subsidies to biogas CHP as FiP. FiP incentives electricity generation without taking 
into consideration the system needs and it does not contribute to increasing flexibility. 
However, phase-out of subsidies threatens the large build capacities of existing CHP. 
Furthermore, low power prices and tax exemptions on biofuels are also incentivizing CHP to 
reduce their capacity. If their capacity is reduced, CHP will not be able to fulfill demand 
peaks of electricity, thus losing their potential for flexibility.  
The combination of CHP and PtH is a flexible solution to help integrate the increasing VRE 
power generation and the low electricity spot prices. However, flexibility of PtH is nowadays 
constrained by electricity taxes and tariffs that are the main barriers increasing their 
marginal cost of production. The existing energy tax on electricity consumption was 
introduced in Denmark many years ago under very different conditions and priorities. This 
taxation had both environmental and fiscal goals. Due to the large share in coal-based 
electricity production and the low price consumers’ elasticity, the tax was set to a high value.  
The environmental justification for taxing has changed dramatically as the largest and 
increasing part of electricity generation today comes from VRE. However, as the electricity 
tax provides significant state revenues, it is politically difficult to substitute. The energy tax 
for both heat pumps and electric boilers has been reduced to face such inconsistencies. 
Furthermore, electric boilers have been exempted from PSO tariff as the electricity 
consumption is much higher than for heat pumps. However, these reductions are not 
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enough to make PtH technologies competitive, and there is a need for more effective 
reforms. 
The electricity and heat sectors deal with different regulatory frameworks that highly 
influence producers’ source-base. The differences in the conditions stem from the fact that 
the electricity sector is liberalized, while the DH is composed of local markets. Electricity is 
taxed at consumption whereas heat is taxed at fuel input, also when this input is electricity. 
Therefore, taxation has been used for preventing the usage of electricity for heating.  
Since biomass is exempted form energy taxation, it is a preferable fuel for both electricity 
and heat, which makes biomass CHP and biomass boilers attractive. Regulatory priority for 
specific heat sources such as waste-based DH reduces PtH competitiveness in the market. 
Consequently, aiming to offset low electricity prices that incentive CHP capacity reductions, 
it would be effective to implement PtH in DH plants. This solution could facilitate CHP 
flexible operation thus enabling easy-handling integration of VRE to the power market. 
However, PtH deployment requires changes first in their main regulatory barriers, which are 
the electricity taxes and tariffs. 
Finally, it is worth noting, that all impacts of the entire energy system must be taken into 
account when implementing policies, since isolating actors and effects can lead to adverse 
results of the regulatory measures.  
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4. Comparison among Nordic countries 
DH is widely used in Nordic countries, where long heating seasons make it an economic 
option. Coupling properly the Nordic power market with the national and local DH markets, 
large potentials of flexibility can be generated in a cost-efficient way and, so then embrace a 
large amount of VRE. Nowadays, CHP plants for DH have been widely installed and used in 
Denmark, Sweden and Finland, while individual heating technologies are preferable in 
Norway. Nevertheless, all countries have long heating seasons that make DH an economic 
option. [21] 
 
 Share of DH for heat supply [%] Share of CHP for DH [%] 
Denmark 50 69 
Norway 4 0 
Sweden 32 40 
Finland 46 72 
This section aims to give an overview of the situation of flexible technologies in the neighbor 
Nordic countries. The comparison has been based on data from [3]. 
4.1. Norway 
Norway has enhanced flexibility mainly because of their high share of hydropower 
generation, which is managed by regulatory reservoirs. In the heating sector, Norway is 
principally dependent on individual electricity technologies apart from a small DH production 
of 5 TWh.  
On one hand, Norwegian CHP is less incentivized than Danish one since there is absence 
of tax exemptions for fuels to electricity production and absence of tax reductions in energy 
and CO2. From the existing 93 DH companies, only 15 are CHP coproducing electricity and 
heat.  However, there are subsidies to CHP to a certain extent where waste or biofuel CHP 
Table 2: DH shares in Nordic countries [21] 
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are eligible for green certificates on the renewable share of their produced electricity, or they 
can choose to apply for an investment grant. The subsidy supports investment costs up to 
45% for inverting in DH plants based on renewables.  
On the other hand, the Norwegian regulatory framework for PtH accounts with fewer 
barriers than in Denmark. Norwegian PtH also has a reduction in the electricity tax similar to 
Denmark and a kind of PSO exemption for heat generation to some degree. In addition, PtH 
is benefited with subsidies to some extend and with the absence of regulatory priority to 
heat from waste or biomass. Within the small Norwegian DH sector, electric boilers made 
up 13% of the total heat supply in 2014 and heat pumps the 9% in 2016.  
Finally, Norwegian heat tariffs follow the electricity price and increased demand is charged 
in the tariffs of the DH price. Flexible grid tariffs for large DH companies allow the grid 
company to switch off the PtH on short notice and in compensation DH producers receive a 
discounted grid tariff. However, the tariff varies among different grid companies, hindering a 
flexible use of PtH in DH. Furthermore, an energy charge in function of the season period is 
commonly applied. 
4.2. Sweden 
CHP in Sweden participate in the 50% of heat production but only in the 5% of electricity 
production. Hydropower and nuclear power are dominating the overall power generation. 
Swedish DH is highly based on biofuels, contributing in CHP plants with 60% of fuel used in 
electricity generation and 40% of fuel used in heat production. Biomass is in the first position 
of energy production, followed then by waste generation.  
Swedish CHP are incentivized like Danish CHP with is promoted with tax exemptions for 
fuel to electricity production and tax reductions in energy and CO2. Furthermore, there are 
subsidies in some extend to CHP, where renewable producers are additionally eligible for 
green certificates. 
Swedish electricity is taxed on the consumption side while DH is taxed on the production 
side being significantly market based. Therefore, in CHP plants electricity production is 
exempted from taxes, while heat production has to pay taxes.  
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Since DH producers deal with an electricity tax charge as input to the heat supply, it reduces 
the incentive to use electricity for heating as a flexible solution. There has not been an 
increase of heat pumps or electric boilers usage since the beginning of 1980, although a 
kind of PSO exemption and electricity tax reduction are accounted in Swedish PtH.  
4.3. Finland 
DH in Finland supplied 46% of all heat in 2014, with a 72% coming from CHP plants. CHP is 
highly promoted in Finland with tax exemptions for fuels in electricity production, tax 
reductions in energy and CO2, presence of subsidies to renewable energy CHP and FiP to 
biomass CHP plants in addition to their revenue in the power market. Also PtH is already 
enhanced in Finland, with a kind of PSO exemption, reduction on electricity tax and 
subsidies for heat pumps to some extent.  
4.4. Comparative assessment among Nordic countries 
On overall, CHP is supported by energy policy, not because of flexibility but energy 
efficiency. In all Nordic countries, CHP receives some sort of investment and/or operational 
support and is highly exposed to spot market prices. In Denmark, Finland and Sweden, 
electricity consumption is taxed instead of the fuel used for power production. Consequently, 
they have electricity tax exemptions and reductions for CHP. Both market pricing and tax 
reduction improve the CHP competitiveness on heat and power markets. 
A high share of DH in Denmark and Finland relies on coal-fired power plants, which are 
being threatened by low electricity prices and restrictions on fossil fuels.  
In the Nordic countries, tariffs and taxes to electricity used for heating have been reduced to 
a varying degree. Although this reduction, the presence of tariffs and taxes decreases the 
comparative advantage of PtH technologies in relation to cheaper heat producers. This 
effect appears particularly in Denmark and Norway, and for Finland only on CHP plants. In 
Sweden and Finland, PtH is exempted from taxes in CHP, but not in HOB, which can be a 
long-term barrier for PtH.  
Denmark has given regulatory priority to waste-based plants for heating, thus limiting PtH 
deployment. Norway prioritizes electricity produced from waste by investment subsidies and 
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reduced electricity taxes. Heat pump subsidies are included as part of the whole DH plant 
subsidy. Finland only provides subsidies to certain types of heat pumps. Finally, subsidies 
for electric boilers are almost absent, apart from Norway where electric boilers are 
subsidised under the same conditions as for heat pumps. 
As mentioned in this context, PtH deployment has barriers in all compared countries. All 
Nordic countries promote in varying ways but mostly to a limited extend. Tax reductions, 
PSO exemption, subsidies, among others, have not been enough for making electricity-
consuming technologies competitive in the heating sector and therefore deeper regulatory 
changes are necessary for increasing flexibility in the power system. Tariffs and levies seem 
to require special regulatory attention in Denmark, due to really high prices, but for all 
countries, dynamic tariffs could be a flexibility-improving option.  
The lack of PtH competitiveness should be addressed through tariffs and taxes, though 
subsidies only help to ensure they production without considering the electricity-price range 
of operation of each technology. Electric boilers only operate for very low prices, while heat 
pumps operate as base-load and contribute to flexibility by stopping production. 
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5. Identification of best practices for increased 
flexibility 
5.1. Problem statement 
The rise in VRE production is leading to difficulties in power system operation. Denmark, a 
country with high wind penetration, is experimenting an increase in fluctuations in the 
wholesale electricity market. The system is more often coping with periods of too low prices 
that are making flexibility an essential topic for the market. 
Recent studies present that there is high potential for flexibility in the synergies between the 
heat and the electricity sector [22]. DH plants can provide flexibility, if electricity is used for 
heating periods with low power spot prices and if other sources such as biomass are used 
when high spot prices [23]. In addition, DH can be an effective solution in Denmark due to 
its high penetration that covers half of the total heat demand [6]. However, DH potential is 
limited by the existing regulatory framework conditions in the power and heat sector. Typical 
targets are reduction of CO2 emissions and non-dependency in electricity for heating that 
may act as barriers for flexibility promotion. Low electricity prices, reduction of support 
payments for CHP, inexistence of taxes for bio-fuels and high taxes in electricity 
consumption can restrict the flexible opportunities that DH can offer to the power system.  
Studies support that the introduction of heat pumps or electric boilers in DH can contribute 
to flexibility and thus benefit the integration of VRE [24]. PtH can make wind power 
production more valuable due to the reduction of curtailment of wind power production, the 
power spot price and the number of hours with zero/low power prices [4]. In addition, it has 
been shown that electric boilers have high potential for flexibility since heat pumps have 
economic and physic characteristics of base-load operators [25]. 
The high cost of electricity consumption is the main barrier for PtH technologies. Denmark 
accounts for higher electricity prices than other countries and it makes not economically 
profitable to invest in power consuming technologies. Both electric boilers and heat pumps 
are technically mature, but they need more economic incentives in order to be worth 
deploying. 
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The main cause of high Danish electricity prices are taxes and tariffs since the Nord Pool 
electricity spot price accounts for a relatively low share of the total price. For example, 
assuming a spot price of 250 DKK/MWh, the total electricity price paid by a heat pump is 
1084 DKK/MWh. The spot price itself only accounts for 23% of the total price and the 
remaining 77% is composed of taxes and tariffs that reduce the PtH competitive advantage. 
Therefore, it would be reasonable to focus the regulatory reform on the Danish electricity 
taxes and tariffs that are an important determinant for producers when investing.  
Furthermore, tariffs and taxes have been identified as more significant than subsidies in 
terms of flexibility. Subsidies would only be relevant in terms of the system not being able to 
produce what society needs. [3] 
The implementation of dynamic taxes and tariffs in electricity prices is further assessed in 
this chapter. There is need for a reduction of tariffs and taxes on the power price consumed 
by PtH and this should be dynamic in order to increase the price signals for flexibility needs. 
5.2. Solution-making assessment: Dynamic tariffs and taxes 
If it is wanted to exploit the flexibility potentials in PtH technologies, prices should vary over 
time according the supply/demand balance [26]. 
The design of a dynamic pricing can be supported with the introduction of smart meters that 
take measures in real time and enable more sophisticated tariffs designs. Recent 
investigations affirm that a real-time pricing structure where the tariff charge is a function of 
the electricity price, has potential benefits for PtH to operate flexibly [5]. 
Dynamic tariffs and taxes have been recommended in recent reports for exploiting the 
flexibility potential in DH [3]. They have been identified as proper practices for incentivizing 
electricity used for heating and therefore more investments in PtH can be achieved [2] [19]. 
The solution may consist on a real-time pricing design that can modify marginal costs of 
production for PtH technologies according to market electricity needs. If the tariff is market-
reflective of the system unbalances, PtH technologies may be incentivized to adapt their 
consumption according to the tariff price. Therefore, they can use the minimum electricity as 
possible during peak periods, when prices are the highest, and contrarily they can increase 
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their consumption at off-peak times when they can pay the least. Figure 4 shows the 
intended flexible operation for PtH according the electricity spot prices. 
 
Figure 4 illustrates the idea of dynamic tariffs, that intends to run PtH when low spot prices 
and to stop it when high spot prices. 
High electricity price periods are related with peaks in demand, when there is need for more 
electricity generation. In contrast, low electricity prices are related to off-peak times when 
there is surplus of energy. Provided the PtH change in behavior to use more energy at low 
prices, the system peak-off load can be increased and consequently it can contribute to 
balance the whole system.  
Dynamic pricing is important for promoting an efficient market with increased electric 
demand and an increased share of fluctuating VRE generation [27]. Since the charge 
reflects electricity market fluctuations, it can effectively promote sustainable resource 
allocation. It is a simple and understandable way to involve PtH consumers to the power 
system and to inform them about the costs of fluctuations related to the demand and the 
VRE production. 
Figure 4: PtH operation according to the electricity spot price 
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5.2.1. Dynamic tariffs 
Dynamic tariffs are going to be applied both for distribution and transmission grids and the 
economic funds are going to be assessed in order not to reduce the current grids’ revenues. 
In addition, it is expected that the tariff helps balancing the power system in the long-term, 
so the distribution and transmission grids may also obtain benefits from smaller variations in 
supply and demand that sometimes provide network challenges. In addition, electricity 
charges are most often high when the load level in the grid is high and thus reflect grid costs 
in a limited extend [5]. 
On one hand, Energinet.dk, the responsible for the transmission, identifies the unsystematic 
fluctuations in supply as the main challenge of the grid. An increase in VRE production 
affect the transmission grid since these sources are usually located far from load stations 
[28]. Sudden production directly affects marginal costs for the transmission grid [29] and, 
the benefits from a more balanced power market are hence clear incentives for investing in 
dynamic transmission tariffs.  
On the other hand, distribution grid companies identify systematic variations in demand 
throughout a day and geographic areas as the main challenge. A peak in the network can 
be reduced, if there is an increase in consumption, which consequently reduces the needs 
for development in the grid. Since the relation between fluctuations in consumption and 
marginal costs for the distribution grid is evident, there is also incentive for applying dynamic 
distribution tariffs. [29] 
5.2.2. Dynamic taxes 
Dynamic taxes can also be considered as adequate practices for the new regulatory 
framework in the electricity sector. Reductions in the energy electricity tax can clearly 
incentivize PtH deployment. The modification of the current energy electricity tax should be 
conducted by legislative amendment and would only happen after a deep Ministry of 
Treasury analysis [19]. Dynamic taxes are not really system dependent costs but largely 
fiscal taxes so they are considered not the best argument for a flexibility solution. 
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5.3. Solution: Dynamic tariffs – Basis and criterion 
The new regulatory framework suggests dynamic tariffs as solution to increase flexibility in 
the power system by means of changing the tariff charge according the hour-to-hour system 
fluctuations. This proposal only accounts for dynamic tariffs, and excludes dynamic taxes, 
since tariffs are system dependent costs and do not place strain on state legislation. 
Electricity tariffs only affect Energinet.dk and local distribution companies as collectors of 
the tariffs’ payments.  
Distribution grid tariffs are set by local companies and account for the network costs to 
respond to consumer demand. Transmission grid tariffs are set by Energinet.dk and depend 
on supply fluctuations caused by VRE power generation. In conclusion, grid tariffs reflect 
costs of fluctuating production and consumption patterns and relative network capacities. 
[29] 
Each grid has a financial self-interest in ensuring an operating pattern that minimizes 
transmission losses as well as need for grid expansion [29]. The lack of dynamic control can 
lead to significant challenges for the networks. The implementation of dynamic tariffs takes 
into account the balance between VRE production and demand. Local distribution 
companies and Energinet.dk can therefore benefit from fewer fluctuations and consequently 
reduced costs.  
The dynamic structure is going to apply to the transmission and the distribution grid tariffs in 
electric boilers, and to the PSO tariff in addition to the grid tariffs in heat pumps. The 
addition of the PSO to the dynamic structure is mainly because its higher share in the total 
electricity price compared to the grids tariffs. PSO accounts for 22% of the total price, while 
transmission and distribution only account for 8% and 12% respectively. Conclusively, PSO 
can significantly help to magnify the effects of the reform in heat pumps, since electric 
boilers are already exempted of the PSO charge.  
Distribution grid companies can decide to modify their tariffs since they only depend on 
DERA approval [19]. The same applies to the transmission system operator, Energinet.dk, 
which can choose to establish a tariff based on different principles than the current 
legislation and only depend on DERA confirmation. A change of the PSO tariff, although 
being collected by Energinet.dk, requires a change in legislation and state aid approval, and 
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therefore its implementation thus requires a longer decision-making process [19]. 
The dynamic tariffs need to promote flexible operation for PtH technologies. As a result, the 
design should reflect power system needs that change according the balance between 
supply and demand. The electricity spot price is determined by the balance between supply 
and demand and consequently is affected by high VRE production and consumption 
patterns.  
High VRE power generation induces low power prices, while low VRE power generation 
induces high prices. Then, reduced consumption results in low prices while increased 
consumption in high prices. Figure 5 and Figure 6 depict the correlations between spot 
prices, VRE power production and power consumption. 
 
Denmark West is chosen for comparison between spot prices and wind generation, since it 
is the most wind-producing area and can show a clearer correlation pattern. According to 
Figure 5, low electricity spot prices occur when large amounts of wind generation, while high 
electricity spot prices appear when few or zero wind generation.  
Moreover, Figure 6 shows how the spot price follows a similar trend over time than the 
electricity consumption pattern. 
Figure 5: Relation between wind production and the electricity spot price in DK West [30] 
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Since there is a relation between the electricity spot price and fluctuations in supply and 
demand, the spot price can be used as indicator of the power system needs. 
The electricity spot price in Denmark is determined by the balance between supply and 
demand in the Nord Pool market. Norway, Sweden, Finland, Denmark, Germany, United 
Kingdom, Estonia, Latvia and Lithuania have deregulated power markets and are joined into 
the common Nord Pool market [15]. The Nord Pool market is based on free competition, so 
the state is no longer operating it. The liberalized market provides a more efficient market 
due to power exchanges between countries as well as increased security of supply [15]. 
With the Nord Pool market providing a wide transmission capacity and coupling among nine 
European countries, power supply is obtained from many different power sources: hydro, 
thermal, nuclear, wind and solar [15]. Large amounts of power are daily traded, offering 
secure power supply and a liquid power market.  
Because the electricity spot price is determined according to supply and demand in all nine 
countries, it becomes a good indicator of unbalances in the whole Nord Pool market. The 
spot price provides information about increased VRE power generation that induces low 
power prices and also information about fluctuations in consumption due to seasonality or 
society changes in behavior [15]. 
Figure 6: Relation between electricity consumption and the electricity spot price in DK West [30] 
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The scope of dynamic tariffs is to reduce charges when power surpluses linked to low spot 
prices and then to increase charges when lack of power linked to high spot prices. In that 
way, the transmission and distribution grids can ensure receiving at least the same 
payments as in the existing situation. 
How much electricity tariffs should be decreased or increased must be assessed in terms of 
how valuable is to society to have a flexible electricity system. The question is not how much 
flexibility is worth today, but how much flexibility is worth in a future power system with 
increased VRE generation.  
The design of the dynamic tariff is calculated in order to increase flexibility in the Nordic 
power market by means of implementing PtH technologies in Danish DH plants. 
Consequently, the aim is to provide economic incentives to DH producers to invest in PtH 
but at the same time, the tariff should be attractive from the point of view of the tariffs’ 
collectors.  
The study assesses further the private–economic benefits of investing in PtH on 
decentralized DH plants in Denmark and the yearly tariffs payments for local distribution 
companies and Energinet.dk. From now on, the design of the tariff is shaped according the 
following criterion: 
the reduction in their marginal costs of production, 
the increase on operational hours for the technologies, 
the reduction of the average electricity cost paid by the technologies, 
the reduction of the heat price offered by the technologies, 
the maximum electricity spot price where the technologies can offer cheaper heat 
prices than the alternative heat technologies, 
the increase of the operational electricity spot price range, 
the reduction of the levelised cost of energy, 
the guarantee of same revenues for the tariff collectors, 
the hourly electricity spot price in 2015 [30]. 
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Apart from providing economic benefits to the DH investor, dynamic tariffs also expect to be 
socially and environmentally beneficial. These benefits are not quantified in the context of 
this study, but they are mentioned in the following list: 
energy savings from shifting consumption from periods of electricity scarcity to 
periods of electricity surplus, 
CO2 emissions savings from more energy-efficient consumption, 
electricity losses savings due to stops of wind turbines in windy periods, 
savings from having to strengthen or expand transmission and distribution grids, 
savings from less power exports at low electricity prices and less power imports at 
high electricity prices, 
more control and balance in the Nord Pool market. 
In spite of the social and environmental benefits, DH producers are only willing to invest in 
flexibility as soon as it looks economically attractive. Conclusively, the tariff has to provide 
sufficient incentive to enable a rapid transition to flexibility. 
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6. Private-economic analysis of dynamic tariffs 
There is a need to figure out how much tariffs should be reduced or increased and for which 
range of spot prices, since the tariffs’ design values should effectively promote flexible 
operation and guarantee at least same revenues for the local distribution companies and 
Energinet.dk.  
A private-economic analysis is performed in order to design the new dynamic tariff shape. 
Therefore, two models are built in Microsoft Excel: the Performance Model and the 
Feasibility Investment Model. Outputs of both models can be seen in Appendix A. 
The Performance Model is required to build the Feasibility Investment Model. The 
Performance Model simulates PtH operation over one year using hourly electricity spot 
prices in 2015 [30] and therefore obtains hourly electricity costs for electric boilers and heat 
pumps. The outputs of the Performance Model are used as input to the Feasibility 
Investment Model:  
Operational hours (On), 
Electricity costs (CE), 
Yearly tariffs’ payments. 
The Feasibility Investment Model analyses sequentially the feasibility of electric boilers and 
heat pumps investments in decentralized DH plants in Denmark. It uses common functions 
and parameters of standard investment project analysis and obtains as output: 
Heat prices (PHEAT), 
Internal rate of return (IRR), 
Pay back time (PBT), 
Levelised cost of energy (LCE). 
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6.1. Feasibility of investing in PtH technologies 
The feasibility study concerns the investment analysis of PtH technologies, where the 
surrounding energy system such as market prices, demand, etc, are given as input and they 
cannot be affected by the output of the investment. It consists of a private-economic 
analysis where the aim is to maximize the profitability of the investor (decentralized Danish 
DH plant) and, at the same time, increase the flexibility in the electricity system. The 
investments that are going to be analyzed are: 
Decentralized DH plant in Denmark investing in a heat pump,  
Decentralized DH plant in Denmark investing in an electric boiler.  
Both technologies are first assessed in the current regulatory framework with flat tariffs. 
Afterwards, the design of the new dynamic tariff is shaped according the improvement in the 
outputs in comparison with the existing flat tariff.  
However, the economic analyses differ from traditional investment studies. The PtH 
investments are analyzed in Denmark in decentralized DH plants that are subject to the 
Heat Supply Act. Therefore, they are linked to non-profit rules that do not allow them to 
make profit from their revenues from heat, since the heat price should uniquely include 
generation expenses. Consequently, the feasibility analysis assumes zero Net Present 
Value (NPV) of the full lifetime investment in both heat pumps and electric boilers and with 
both current and new dynamic tariffs. Therefore, since the NPV is fixed to zero, the heat 
price becomes the new output that is going to change in every analysis. Since it is not 
allowed to make profit, heat production technologies compete according their marginal costs 
of generation: The lower the marginal costs, the more competitive the technology is. 
Therefore, since the heat price is reflective of production costs, the criterion is to obtain as a 
low heat price as possible. Given the demand in a time period, the technologies that are 
going to operate are the ones that can offer the cheapest heat prices until the demand is 
fulfilled. Consequently, the economic incentives for DH producers are low marginal costs of 
production and therefore low heat prices. 
To sum up, the private-economic analysis focuses on how dynamic tariffs improve the 
competitive advantage of PtH technologies by means of modeling their production costs 
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according to the electricity market needs, while obtaining non-profit benefits along the whole 
lifetime of the project. 
6.1.1. Inputs to the private-economic analysis 
The investment analysis is done using the Feasibility Investment Model in Microsoft Excel. 
The input parameters for this model calculation are summarized in Table 3.  
 
Input data – Existing framework HEAT PUMP ELECTRIC BOILER 
Capacity [MW] 5 10 
Lifetime [years] 20 20 
Coefficient of performance (COP) 3 1 
Investment costs [DKK] 21.000.000 4.500.000 
Operational hours [h] 8.494 1.062 
Heat production [MWh/year] 42.470 10.620 
Electricity consumption [MWh/year] 14.156,67 10.620 
Fixed O&M costs [DKK/year] 75.000 82.500 
Variable O&M costs [DKK/MWhHEAT] 15 3,75 
Electricity cost [DKK/MWhELECTRICITY] 977,76 471,46 
Depreciation [DKK/year] 1.050.000 225.000 
Discount rate (private analysis) [%] 6% 6% 
Corporate tax rate [%] 22 % 22 % 
Net present value [DKK] 0 0 
Table 3: Input data for the feasibility analysis in the existing regulatory framework 
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Next, the sources and assumptions that have been used to obtain all input data for the 
Feasibility Investment Model in Table 3 are presented.  
6.1.1.1. Technology characteristics 
The first investment assumes a heat pump of 5 MW of capacity, lifetime of 20 years and 
COP of 3. Then, the second investment assumes an electric boiler of 10 MW capacity, 
lifetime of 20 years and COP of 1. [31]  
6.1.1.2. Capital expenditure 
The capital expenditures (CAPEX), also called the investment costs, assume an already 
operating decentralized DH plant that is going to install a new PtH technology for the heat 
production of the plant. CAPEX, therefore, covers the purchase of the PtH machine and its 
connection to the grid. CAPEX is assumed to 21.000.000 DKK for the heat pump and 
4.500.000 DKK for the electric boiler [31]. Both investments are applied in 2015, the year 0 
of the economic analysis. 
6.1.1.3. Operational hours 
The Performance Model in Microsoft Excel is used to calculate the operational hours of PtH 
technologies that are an input parameter for the Feasibility Investment Model. The 
Performance Model calculates the marginal costs for heat production for every hourly spot 
price in 2015 and for each technology. The formula below shows how the marginal costs for 
heat production are calculated in :  
 
where: 
 MC: Marginal costs for heat production. 
Then, the obtained hourly marginal costs over 2015 are compared to the hourly marginal 
costs of the main competitive technologies for PtH in DH plants in Denmark: gas boilers and 
gas CHP units. 
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On one hand, marginal costs for gas boilers are assumed to 500 DKK/MWhHeat [32]. On the 
other hand, gas CHP plants have marginal costs for heat production dependent on power 
prices and have been simplified as follow:  
  [32] 
where: 
MCHEAT: Marginal costs for heat production in a standard Danish CHP. MCHEAT 
depends on electricity spot prices. The higher the electricity spot price they can sell 
the power production, the lower their heat costs. 
PEL: Electricity spot price in the Nord Pool market. 
Next, Figure 7 compares the marginal costs for heat production for heat pumps and electric 
boilers to gas technologies in the existing regulatory framework. 
 
Figure 7: Competitive advantage of PtH technologies versus gas boilers and gas CHP units 
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Figure 7 highlights that the most restricting technology for electric boilers are gas boilers 
and for heat pumps are gas CHP. Consequently, gas boilers have been used to calculate 
electric boilers operational hours and gas CHP units for heat pumps operational hours. 
The Performance Model counts the number of hours, over the year 2015, the PtH marginal 
costs are lower than the gas marginal costs and therefore the total operational hours in the 
year can be obtained. 
The operating hours in the current electricity framework are 8494 h/year for the heat pump 
and 1062 h/year for the electric boiler.  
The heat production is 42470 MWh/year, with respect to a heat pump of 5MW-capacity. 
Then the heat production is 10620 MWh/year when it comes to an electric boiler of 10 MW-
capacity.  
6.1.1.4. Operation expenditures 
The operation expenditures (OPEX) for the technologies are disaggregated in fixed O&M, 
variable O&M costs and fuel costs (electricity consumption). 
Fixed O&M are 75.000 DKK/year for heat pumps and 82.500 DKK/year for electric boilers.  
Variable O&M are 15 DKK/MWhHEAT for heat pumps and 3,75 DKK/MWhHEAT for electric 
boilers. [31] 
Fuel costs are calculated from the Performance Model in Microsoft Excel that simulates the 
operation of the technologies in 2015. Electricity consumption costs account for the 
electricity spot price as well as taxes and tariffs. Since the electricity spot price varies hour-
to-hour, it has been assumed that each PtH technology pays an average of the electricity 
spot prices where the technology is able to operate in 2015. Then, taxes and tariffs are fixed 
values over the year. Prices data are obtained from [30] [33]. 
The average spot price paid by heat pumps is 143 DKK/MWh and by electric boilers is 47 
DKK/MWh. For both technologies the transmission grid tariff is 82 DKK/MWh and the 
distribution grid tariff is 130 DKK/MWh. PSO tariff is 240 DKK/MWh for heat pumps and 0 
DKK/MWh for electric boilers. The electricity tax is 382,5 DKK/MWh for heat pumps and 213 
DKK/MWh for electric boilers. Lastly, the total electricity costs for heat pumps is 977,76 
DKK/MWhELECTRICITY and for electric boilers is 471,46 DKK/MWhELECTRICITY. 
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6.1.1.5. Inflation 
Real prices for O&M, electricity and heat are considered constant through the years and not 
affected by the proposal outcomes. The Excel model applies inflation ratios to all of them 
over the years and obtain the yearly nominal prices to calculate the yearly cash flows. 
Nominal prices are inflated following the baseline price level in 2015 according to the 
inflation ratio forecasted by [34]. 
6.1.1.6. Depreciation 
Straight-line depreciation across a project lifetime is used in Denmark. The analysis applies 
annual depreciation, where the CAPEX is divided by the project lifetime. Those yearly 
values are incorporated as tax shield. [35] 
6.1.1.7. Discount rate 
The discount rate is used to represent time value of money and uncertainty risk in 
investment analysis in order to obtain the value of a full lifetime project today. This report 
assumes discount rate of 6% for the private-economic analysis in heat pumps and electric 
boilers.  
6.1.1.8. Income tax and value added tax 
The Income tax applies, according to the standard Danish corporate tax, a rate in 22% of 
the taxable income [36].  
VAT is not taken into account in the project evaluation. Although manufacturers and other 
businesses have to pay VAT, they also collect it. Therefore, they are only obliged to pass on 
the difference to the government. Conclusively VAT can be regarded as a transfer item and 
not an actual cost item. [37]  
6.1.1.9. Net present value 
The NPV calculates how much a lifetime project is worth to the investor today. The NPV is 
obtained from the following formula:  
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where: 
C0 : Initial investment in year 0 that counts as negative cash flow since there is still 
no operation of the technology so the investor only experiences the expenses of 
investing without any profit, 
Ct : Obtained net cash flow at the end of every year t of the project, 
r: Discount rate of the project, assumed to 6%, 
T: Lifetime of the project. It is assumed to 20 years. 
Usually the NPV is an output of investment analysis where a feasible investment should 
obtain NPV>0 that means economic gains from the full lifetime of the project. However, heat 
pumps and electric boilers in decentralized DH plants are subject to the Danish Heat Supply 
Act that does not allow heat producers to make any profit from their heat revenues.  
In order to apply the non-profit principle into the investment analysis, NPV is fixed to zero by 
changing the heat price. As a result, the NPV is assumed as input and instead the heat 
price becomes an output.  
6.1.2. Outputs from the private-economic analysis 
The methodology followed to evaluate the private-economic benefits of investing in a heat 
pump or electric boiler is based on yearly cash flows. The Feasibility Investment Model 
calculates the yearly earnings before taxes (EBT) from OPEX and revenues. Then, deduces 
depreciation and computes the taxable income. The payable taxes are calculated by 
applying the corporate tax rate of 22% to the taxable income. Finally, the available cash flow 
in every year is calculated by summing the heat revenues and subtracting the CAPEX, the 
OPEX and the payable taxes.  
The Feasibility Investment Model in Microsoft Excel gives as output the following 
parameters: the heat price (PHEAT), the internal rate of return (IRR), the pay back time (PBT) 
and the levelised cost of energy (LCE).  
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6.1.2.1. Heat price 
The Danish heat price follows the non-profit principle that states heat prices should cover all 
costs related to heating supply, but are not permitted to make any profit. The costs of 
heating supply include: fuel, facilities, DH network, buildings, O&M, depreciation of assets, 
financing and taxes [6].  
In whole analysis, NPV is set to zero by changing the heat price. Therefore, the heat price 
offered by heat pumps and electric boilers is an output from the Feasibility Investment 
Model in Microsoft Excel. The criterion followed in the outputs assessment is: the lower the 
offered heat price, the higher the competitive advantage of the technology. 
6.1.2.2. Internal rate of return 
The IRR is the annual effective compounded return rate of an investment. The IRR of the 
project is calculated according to the equation: 
 
where: 
C0: Initial investment in year 0 that counts as negative cash flow since there is still no 
operation of the technology so the investor only experiences the expenses of 
investing without any profit, 
Ct: Obtained net cash flow at the end of every year t of the project, 
T: Lifetime of the project, assumed to be 20 years. 
A feasible investment should have IRR higher than the discount rate (IRR>r). In the studied 
investments, since the NPV is fixed to zero, the IRR results to be equal to the discount rate. 
The outputs of the full lifetime investment analysis always obtain IRR=6%. 
6.1.2.3. Pay back time 
The PBT represents the number of years required to recover the initial investment through 
the project´s future cash flows. The PBT is calculated by means of cumulative cash flows, 
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so that, as soon as the yearly cumulative cash flow becomes zero or positive, the 
investment is paid back.  The calculation proceeds as follows: 
 
where: 
CC(-) : Last negative cumulative cash flow, 
CC(+) : First Positive cumulative cash flow, 
Y(-): Number of the last year with negative cumulative cash flow. 
The shorter the PBT, the more attractive is the investment. Since the NPV is fixed, PBT is 
always the same regardless the design of the tariff. 
6.1.2.4. Levelised cost of energy 
The LCE is the net present value of the energy cost of the unit over the lifetime of the 
project. In other words, it is the minimum price at which energy should be sold in order to 
break–even over the project period.  
LCE is a proper indicator for evaluating the feasibility of DH technologies since it assesses 
cost competitiveness of the heating systems taking into consideration all costs over the full 
lifetime: initial investment, O&M, cost of fuel and cost of capital. All costs are adjusted by 
inflation and by the time value of money according the discount rate and LCE is calculated 
as:  
 
where: 
C0: Investment in year 0, 
EO&M,t: O&M expenditures in the year t, 
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EFuel,t: Fuel expenditures in the year t, 
Pt: Energy production in year t, 
r: Discount rate of the project, assumed to 6%, 
T: Lifetime of the project, assumed to be 20 years. 
Low LCE represents heat being produced at low cost, with higher likely returns for the 
investor.  
6.2. Process and criterion for the dynamic tariff 
In the current regulatory framework, the outputs from the private-economic analysis are 
shown in Table 4. 
 
Existing framework 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
HEAT 
PUMP 
Existing 0 6 12 454 8494 977,76 382,97 
ELECTRIC 
BOILER 
Existing 0 6 12 616 1062 471,46 517,50 
It is recalled that:  
 
NPV: Net present value,  
IRR: Internal rate of return, 
PBT: Pay back time,  
LCE: Levelised cost of energy,  
On: Number of operational hours per year,  
CEL: Average electricity costs paid by the technology,  
PHEAT: Average heat price offered by the technology. 
Table 4: Outputs from the private-economic analysis 
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The dynamic tariff is therefore going to be designed with the aim to improve all seven 
parameters in Table 4: NPV, IRR, PBT, LCE, On, CEL and PHEAT.  
 
Consequently, the standard dynamic shape is designed according the structure below, 
where its values are going to be discussed in relation with the output of the previous seven 
parameters: 
 
If PEL < Value1 DKK/MWh  
Tariffs charge X1 times the current tariff, 
If PEL > Value2 DKK/MWh  
Tariffs charge X2 times the current tariff, 
If Value1 DKK/MWh < PEL < Value2 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price from the 
(current tariff*X1) to the (current tariff*X2) charge; 
where: 
PEL: Electricity spot price in the Nord Pool market, 
X1: Tariff charge when low electricity spot prices, 
X2: Tariff charge when high electricity spot prices, 
Value1: Electricity spot value until where the tariff lowers the charge to X1 times the 
current charge. It represents a low spot electricity price where there is need of 
electricity consumption in the system. The aim is to incentivize PtH operation. 
Value2: Electricity spot value from where the tariff starts to increase the charge to X2 
times the current charge. It represents high electricity prices where there is need of 
electricity production in the system. The aim is to discourage PtH operation. 
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To facilitate the analysis, each tariff design is going to be called according its design values:  
Tariff Value1-Value2 / X1-X2. 
 
6.2.1. Trial designs for the dynamic tariff 
6.2.1.1. Value1 and Value2 analysis 
The first seven different designs keep X1=0 and X2=2 and play with different combinations of 
Value1 (   0    /  100   /  200   /  300  ) and Value2 (  400   /  500   /  600   /  700  ).  
Tariff    0   –  700   / 0-2  
If PEL < 0 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 700 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 0 DKK/MWh < PEL < 700 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to double charge; 
 
Figure 8: Standard dynamic tariff design 
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Tariff   100  –  600  / 0-2 
If PEL < 100 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 600 DKK/MWh  
Tariffs charges 2 times the current tariff, 
If 100 DKK/MWh < PEL < 600 DKK/MWh 
Tariffs’ charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Tariff    200  -  500  / 0-2  
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 500 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 200 DKK/MWh < PEL < 500 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Tariff    300  -  400  / 0-2  
If PEL < 300 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 400 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 300 DKK/MWh < PEL < 400 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Tariff   100  -  500  / 0-2  
If PEL < 100 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 500 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 100 DKK/MWh < PEL < 500 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to double charge; 
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Tariff   200  -  600  / 0-2  
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 600 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 200 DKK/MWh < PEL < 600 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Tariff  100  -  700  / 0-2  
If PEL < 100 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 700 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 100 DKK/MWh < PEL < 700 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Next Table 5 compares the different outcomes from all seven designs.  
 
TARIFF DESIGN 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
HEAT 
PUMP 
Existing 0 6 12 454 8494 977,76 382,97 
300  -  400 
0-2 
0 6 12 282 8460 544,66 238,58 
200  -  600 
0-2 
0 6 12 295 8552 577,21 248,98 
200  -  500 
0-2 
0 6 12 297 8470 580,86 250,60 
100  -  700 
0-2 
0 6 12 326 8541 655,64 275,17 
100 –  600 
0-2 
0 6 12 334 8476 673,19 281,34 
100  -  500 
0-2 
0 6 12 344 8365 697,42 289,98 
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   0  –  700 
0-2 
0 6 12 367 8485 756,57 309,09 
ELECTRIC 
BOILER 
Existing 0 6 12 616 1062 471,46 517,50 
200  -  500 
0-2 
0 6 12 448 7518 362,96 372,66 
200  -  600 
0-2 
0 6 12 449 7623 363,99 373,61 
300  -  400 
0-2 
0 6 12 452 7993 366,39 375,74 
100  -  500 
0-2 
0 6 12 473 5686 381,78 390,94 
100  -  700 
0-2 
0 6 12 477 6795 386,58 396,91 
100 –  600 
0-2 
0 6 12 478 6424 386,92 397,63 
   0  –  700 
0-2 
0 6 12 491 4551 394,90 408,48 
Table 5 shows how LCE, operational hours, electricity costs and heat prices vary in each 
design, which enables to identify the most beneficial tariffs’ structure for the technologies. All 
designs provide satisfactory results and do not differ significantly among them. However, 
the designs with outstanding performance are:  
Tariff 200-500 / 0-2 
Tariff 200-600 / 0-2 
Tariff 300-400 / 0-2 
6.2.1.2. X1 and X2 analysis 
The following designs are chosen according to Value1 and Value2 fixed from the three last 
outstanding tariffs (Tariff 200-500 / 0-2, Tariff 200-600 / 0-2 and Tariff 300-400 / 0-2). Then 
Table 5: Scenario analysis of Value1 and Value2 outcomes 
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X1=0 is fixed, since it is wanted to reduce the payment as much as possible. Therefore, the 
model only plays with different values of X2 ( 1,5  /  2  /  5  /  10 ).  
Tariff 200-600 / 0-1,5    
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 700 DKK/MWh  
Tariffs charge 1,5 times the current tariff, 
If 200 DKK/MWh < PEL < 600 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 1,5 charge; 
Tariff 200-600 / 0-2 
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 600 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 200 DKK/MWh < PEL < 600 DKK/MWh 
Tariffs’ charge increases linearly according to the electricity spot price 
from 0 to double charge. 
Tariff 200-600 / 0-5 
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 600 DKK/MWh  
Tariffs charge 5 times the current tariff, 
If 200 DKK/MWh < PEL < 600 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 5 charge; 
Tariff 200-600 / 0-10 
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 600 DKK/MWh  
Tariffs charge 10 times the current tariff, 
If 200 DKK/MWh < PEL < 600 DKK/MWh 
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Tariffs charge increases linearly according to the electricity spot price 
from 0 to 10 charge; 
Tariff 200-500 / 0-1,5  
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 500 DKK/MWh  
Tariffs charge 1,5 times the current tariff, 
If 200 DKK/MWh < PEL < 500 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 1,5 charge; 
Tariff 200-500 / 0-2 
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 500 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 200 DKK/MWh < PEL < 500 DKK/MWh 
Tariffs’ charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Tariff 200-500 / 0-5 
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 500 DKK/MWh  
Tariffs charge 5 times the current tariff, 
If 200 DKK/MWh < PEL < 500 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 5 charge; 
Tariff 200-500 / 0-10 
If PEL < 200 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 500 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 200 DKK/MWh < PEL < 500 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 10 charge; 
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Tariff 300-400 / 0-1,5  
If PEL < 300 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 400 DKK/MWh  
Tariffs charge 1,5 times the current tariff, 
If 300 DKK/MWh < PEL < 400 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 1,5 charge; 
Tariff 300-400 / 0-2 
If PEL < 300 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 400 DKK/MWh  
Tariffs charge 2 times the current tariff, 
If 300 DKK/MWh < PEL < 400 DKK/MWh 
Tariffs’ charge increases linearly according to the electricity spot price 
from 0 to double charge; 
Tariff 300-400 / 0-5 
If PEL < 300 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 400 DKK/MWh  
Tariffs charge 5 times the current tariff, 
If 300 DKK/MWh < PEL < 400 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 5 charge; 
Tariff 300-400 / 0-10 
If PEL < 300 DKK/MWh  
Tariffs charge 0 times the current tariff, 
If PEL > 400 DKK/MWh  
Tariffs charge 10 times the current tariff, 
If 300 DKK/MWh < PEL < 400 DKK/MWh 
Tariffs charge increases linearly according to the electricity spot price 
from 0 to 10 charge; 
Comparative results relied on all 12 designs are presented in Table 6. 
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TARIFF DESIGN 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
HEAT 
PUMP 
Existing 0 6 12 454 8494 977,76 382,97 
200-500  
0-1,5 
0 6 12 294 8552 577,21 249,17 
200-500  
0-2 
0 6 12 297 8470 580,86 250,60 
200-500  
0-5 
0 6 12 298 8035 580,98 253,12 
200-500  
0-10 
0 6 12 301 7757 584,84 256,00 
200-600  
0-1,5 
0 6 12 292 8621 573,80 247,70 
200-600  
0-2 
0 6 12 294 8552 577,21 249,17 
200-600  
0-5 
0 6 12 294 8179 581,98 249,94 
200-600  
0-10 
0 6 12 300 7867 582,44 254,55 
300-400  
0-1,5 
0 6 12 285 8512 555,84 242,24 
300-400  
0-2 
0 6 12 285 8460 554,66 242,11 
300-400  
0-5 
0 6 12 283 8284 547,31 240,56 
300-400  
0-10 
0 6 12 282 8209 544,17 239,90 
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ELECTRIC 
BOILER 
Existing 0 6 12 616 1062 471,46 517,50 
200-500  
0-1,5 
0 6 12 447 7623 363,99 373,63 
200-500  
0-2 
0 6 12 446 7518 362,96 372,68 
200-500  
0-5 
0 6 12 442 7155 359,24 369,27 
200-500  
0-10 
0 6 12 437 6850 355,17 365,48 
200-600  
0-1,5 
0 6 12 448 7702 364,61 374,19 
200-600  
0-2 
0 6 12 447 7623 363,99 373,63 
200-600  
0-5 
0 6 12 444 7298 361,01 370,91 
200-600  
0-10 
0 6 12 439 6975 356,95 367,14 
300-400  
0-1,5 
0 6 12 450 7993 366,39 375,76 
300-400  
0-2 
0 6 12 450 7993 366,39 375,76 
300-400  
0-5 
0 6 12 450 7993 366,39 375,76 
300-400  
0-10 
0 6 12 450 7993 366,39 375,76 
Table 6: Scenario analysis of X2 outcomes 
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Based on the values in Table 6, the best design for electric boilers is Tariff 200-500 / 0-10 
but for heat pumps is Tariff 300-400 / 0-10. The tariff that benefits the most both 
technologies could be Tariff 200-600 / 0-5. 
6.2.2. Tariffs payments to Energinet.dk and local distribution companies 
This section investigates the effect of dynamic tariffs on the yearly revenues for local 
distribution companies and Energinet.dk. Ensuring that the new revenues are at least the 
same than the existing ones leads to incentivize DSO and TSO to shift to dynamic tariffs.  
By means of the Performance Model in Microsoft Excel, existing and new yearly revenues 
are calculated for each tariff and for each technology. However, none of the previous 
designs can ensure that PtH provide at least the same payment to the grid companies and 
Energinet.dk. Hence, new tariffs’ designs are researched.  
The Performance Model cannot find a common tariff design for heat pumps and electric 
boilers that promotes flexible operation and guarantees at least the same revenues for the 
tariff collectors. This is mainly because the technologies operate in different ranges of spot 
prices and have different roles in the heat sector. Therefore, different types of dynamic 
tariffs are proposed for electric boilers and heat pumps. 
The dynamic design that ensures same revenues from heat pumps is Tariff 0-700 / 0-8,7: 
If PEL < 0 DKK/MWh  
The tariff charges 0 times the existing tariff, 
            If PEL > 700 DKK/MWh  
The tariff charges 8,7 times the existing tariff, 
            If 0 DKK/MWh < PEL < 700 DKK/MWh 
The tariffs’ charge increases linearly according to the electricity spot price 
from 0 times to 8,7 times the current charge; 
 
Table 7 presents the obtained revenues when applying the Tariff 0-700 / 0-8,7 in each tariff 
(distribution, transmission and PSO tariff) and in each technology. 
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REVENUES: Dynamic tariff 0-700/0-8,7 HEAT PUMP ELECTRIC BOILER 
DSO [DKK/year] 
Existing 5.521.100 1.380.600 
Dynamic 5.521.100 998.051 
Losses 0 382.549 
TSO  [DKK/year] 
Existing 3.482.540 870.840 
Dynamic 3.482.540 629.540 
Losses 0 241.300 
PSO [DKK/year] 
Existing 10.192.800 - 
Dynamic 10.192.800 - 
Losses 0 - 
As it can be observed, the new tariff payment is equivalent to the existing payment in heat 
pumps but results to be lower in electric boilers. Consequently, the tariff is only implemented 
to heat pumps and the economic results are shown in Table 8. 
 
TARIFF DESIGN 
0-700 / 0-8,7 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
HEAT 
PUMP 
Existing 0 6 12 454 8494 977,76 382,97 
Dynamic 0 6 12 573 5448 1211,86 484,52 
Table 7: Distribution, transmission and PSO revenues when Tariff 0-700 / 0-8,7 
Table 8: Economic comparison between the Tariff 0-700 / 0-8,7 and the existing one 
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Table 8 illustrates how the Tariff 0-700 / 0-8,7 provides worse framework results than the 
existing tariff: higher LCE, less operational hours, higher averaged electricity costs and 
higher heat price.  
Actually the tariff does not promote flexibility since it starts to increase the current charge 
from 80 DKK/MWh of spot price, which is a really low value where consumption should be 
incentivized with lower charges. In addition, heat pumps are not benefited with the new tariff 
since their costs are incremented thus reducing their operational hours and offering higher 
heat prices. In conclusion, no tariff design for heat pumps is found to be able to promote 
flexible operation and ensure at least same revenues.  
When focusing in electric boilers, there are different designs that can ensure same 
payments. Table 9 shows the new designs compared to the existing one.  
 
ELECTRIC 
BOILER 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
Existing 0 6 12 616 1062 471,46 517,50 
100-400 
0-1,6 
0 6 12 468 5441 378,94 390,94 
100-500 
0-2,1 
0 6 12 468 5441 378,94 390,94 
100-700  
0-1,8 
0 6 12 475 7010 386,40 396,57 
100-600 
0-1,5 
0 6 12 477 7013 386,42 396,55 
0-700 
0-6,3 
0 6 12 512 1813 400,44 428,96 
0-700 
0-8,7 
0 6 12 528 1184 400,03 441,56 
Table 9: Tariffs designs that guarantee same revenues for DSO and TSO 
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All the six designs above ensure at least the same revenues for TSO and DSO, the 
difference among them can be assessed in terms of their economic outputs.  
The lowest LCE, the highest operational hours, the lowest average electricity costs and the 
lowest average heat price are found in Tariff 100-500 / 0-2,1: 
      If PEL < 100 DKK/MWh  
The tariff charges 0 times the existing tariff, 
If PEL > 500 DKK/MWh  
The tariff charges 2,1 times the existing tariff, 
If 100 DKK/MWh < PEL < 500 DKK/MWh 
The tariffs’ charge increases linearly according to the electricity spot price 
from 0 times to 2,1 times the current charge; 
Tariff 100-500 / 0-2,1 is the design that can provide more significant economic incentives to 
invest in electric boilers while at the same time promotes flexibility and guarantees same 
total tariff payments. 
The revenues before and after applying the Tariff 100-500 / 0-2,1 are given in Table 10. 
 
REVENUES Dynamic tariff 1-500/0-2,1 HEAT PUMP ELECTRIC BOILER 
DSO [DKK/year] 
Existing 5.521.100  1.380.600 
Dynamic  1.945.247  1.380.600 
Losses - 3.575.853 0 
TSO  [DKK/year] 
Existing  3.482.540  870.840 
Dynamic  1.227.002  870.840 
Losses - 2.255.538 0 
PSO [DKK/year] 
Existing  10.192.800  - 
Dynamic  3.591.225  - 
Losses - 6.601.575 - 
Table 10: DSO and TSO revenues when Tariff 100-500 / 0-2,1 
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Table 10 highlights how electric boilers with Tariff 100-500 / 0-2,1 can provide a payment 
equivalent to the existing one, while heat pumps reduce their payment. As already 
mentioned, the tariff is applied only to electric boilers. 
The economic benefits when implementing the tariff to electric boilers are shown in Table 
11. 
 
TARIFF DESIGN 
100-500 / 0-2,1 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
ELECTRIC 
BOILER 
Existing 0 6 12 616 1062 471,46 517,50 
Dynamic 0 6 12 468 5441 378,94 390,94 
Tariff 100-500 / 0-2,1 improves the private-economic feasibility of electric boilers in DH: 
lower LCE, more operational hours, lower averaged electricity costs and lower offered heat 
price. The tariff also promotes flexibility since it increases the charge from spot prices of 300 
DKK/MWh, which is an enough high value to disincentive consumption. Finally, although 
electric boilers will pay lower tariffs charges, the tariff can ensure same revenues to the 
collectors since the technologies are going to operate more hours. 
In conclusion the proposed tariff benefits electric boilers, benefits power flexibility and 
ensures same revenues for TSO and DSO. Since Tariff 100-500 / 0-2,1 is only 
implemented in electric boilers, and they are exempted of PSO, only distribution and 
transmission grid tariffs are made dynamic.  
 
Table 11: Economic comparison between the Tariff 100-500 / 0-2,1 and the existing one 
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7. Final dynamic tariff design 
According to the criterion of: lower LCE, higher operational hours, lower electricity costs, 
lower heat price and same revenues for the local distribution companies and Energinet.dk, 
the study proposes a dynamic Tariff 100-500 / 0-2,1 for electric boilers: 
      If PEL < 100 DKK/MWh  
The tariff charges 0 times the existing tariff, 
If PEL > 500 DKK/MWh  
The tariff charges 2,1 times the existing tariff, 
If 100 DKK/MWh < PEL < 500 DKK/MWh 
The tariffs’ charge increases linearly according to the electricity spot price from 0 
to double charge; 
where: 
PEL: Electricity spot price in the Nord Pool market. 
The tariff charge is reduced for a range of spot prices and then, it is also increased for 
another range and, in that way, the tariff payment is equivalent to the existing one. Local 
companies and Energinet.dk revenues are not diminished and either grid tariffs can 
continue covering the underlying costs for the grids as well as reasonable returns on 
invested capital. In addition, it is expected that both grids can benefit from less fluctuations 
in the electricity system and therefore of possible savings from more stable and controlled 
electricity flows. 
Figure 9 and Figure 10, down below, compare the current flat tariffs with the dynamic ones. 
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The design values for the tariffs are chosen according to the simulation of data in 2015 
[30] and should be periodically changed according to the market development and 
technology deployment.  
Figure 9: Dynamic distribution grid tariff 
Figure 10: Dynamic transmission grid tariff 
Tariff Framework for an Intensified Flexibility of Power-to-Heat in District Heating Page 73 
 
7.1. Dynamic tariff performance 
The Performance Model simulates the effect of tariffs in PtH electricity costs. First, Figure 
11 represents the current situation, where electricity costs for electric boilers are 
proportional to spot prices but flexibility is not promoted.  
 
Figure 11 depicts the trends of hourly electricity costs and hourly electricity spot prices in 
2015. One can observe that, the existing tariffs and taxes for electricity consumption are 
nowadays designed as a fixed amount added to the given electricity spot price. As a result, 
the total electricity costs follow a trend, proportional to the spot price. Low spot prices give 
proportional low total costs and similarly, high spot prices provide proportional high total 
costs. 
Once the dynamic tariffs are applied, the costs for electric boilers are reduced when low 
spot prices and increased when high spot prices. Figure 12 presents the non-proportional 
relation between the total electricity costs and the spot price pattern. 
 
 
Figure 11: Total electricity cost in function of the electricity spot price (current scenario) 
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Table 12 presents a comparison between the total electricity costs for electric boilers in the 
existing flat tariff scenario and the new dynamic Tariff 100-500 / 0-2,1 scenario. Table 12 
also shows the cost of each element that forms the total electricity price: electricity tax, PSO 
tariff, distribution grid tariff, transmission grid tariff and the spot price.  
VAT is not taken into account in the composition of the total electricity cost, since 
companies can get it refunded [37].  
The comparison is made among four different spot price levels in order to show how the 
tariff charge is reduced or increased according the electricity spot price range. The tariff 
diminishes the total electricity cost, when surplus in the system. Electricity consumption is 
hence promoted, while the cost is increased when consumption wants to be restricted. As a 
result, Table 12 depicts how the new electricity costs reflect market price fluctuations and 
therefore promote flexible operation in electric boilers. 
 
 
Figure 12: Total electricity cost in function of the electricity spot price (dynamic scenario) 
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ELECTRIC 
BOILERS 
Low Spot Price 
Medium-Low 
Spot Price 
Medium-High Spot 
Price 
High Spot Price 
[DKK/MWh] Flat New Flat New Flat New Flat New 
Electricity Tax 213 213 213 213 213 213 213 213 
PSO tariff 0 0 0 0 0 0 0 0 
Transmission 
grid tariff 
82 0 82 65,22 82 152,17 82 173,91 
Distribution 
grid tariff 
130 0 130 103,39 130 241,25 130 275,72 
Spot price 90 90 250 250 450 450 610 610 
TOTAL price 515 303 675 631,61 875 1056,42 1035 1272,63 
The main effects of the dynamic tariffs are the significant electricity cost reductions for the 
technologies, when low electricity spot prices, that makes them more competitive.  
Following Figure 13 illustrates shows how much the electricity cost is reduced, when for 
example the market has a low spot price of 90 DKK/MWh.   
Table 12: Electricity price paid by electric boilers 
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Figure 13 shows how electricity consumption is intensively promoted for the electric boilers, 
when electricity spot prices are low. Electric boilers achieve reductions in electricity costs 
around 41%, when for example a low spot price of 90 DKK/MWh is in the system.  
The technologies can frequently benefit from the dynamic tariff since low spot prices are 
very common nowadays. Figure 14 illustrates the distribution of hours in 2015 according to 
the electricity spot price. 
 
Figure 13: Comparison between current and dynamic total electricity cost in electric boilers 
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It can be seen that 92% of the hours in 2015 have spot prices below 300 DKK/MWh. 
Therefore, electric boilers can frequently take advantage of dynamic tariffs since they 
reduce the charge to all spot prices under 300DKK/MWh. Table 13 shows the distribution of 
hours in 2015 according to the dynamic tariff charge. 
 
Electricity spot price (PEL) 
range [DKK/MWh] 
% of hours in 2015 Tariff charge Electric boiler 
consumption 
PEL < 100 21,2% Maximum reduction Very incentivized 
100 <PEL< 300 71,3% Reduction Incentivized 
300 <PEL< 500 7,3% Increase Discouraged 
PEL> 500 0,2% Maximum increase Very discouraged 
Figure 14: Distribution of hours in 2015 according the electricity spot price range [30] 
Table 13: Number of hours in 2015 corresponding to the dynamic tariff spot prices ranges 
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In conclusion, since low spot prices are currently very common, the technologies can 
frequently be benefited from the reductions in the electricity costs and finally achieve 
significant economic improvements that are presented in Table 14. 
 
TARIFF DESIGN 
100-500 / 0-2,1 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
ELECTRIC 
BOILER 
Existing 0 6 12 616 1062 471,46 517,50 
Dynamic 0 6 12 468 5441 378,94 390,94 
7.2. Competitive advantage among heat technologies 
The competitive advantage of PtH technologies is based on marginal costs of heat 
production. A heating technology is able to run only, when its marginal costs are lower than 
those of alternative heating technologies.   
Since the proposal of the dynamic Tariff 100-500 / 0-2,1 is only suitable for electric boilers, 
this section mainly assesses the competitive advantage of electric boilers in decentralized 
DH plants before and after the dynamic tariff is implemented.  
Typical alternative heating technologies in Denmark are DH boilers, which are independent 
of electricity and therefore usually account for lower marginal costs than PtH technologies. 
The common DH boilers are: gas boilers, wood pellets boilers and wood chips boilers. 
However, most Danish DH plants have invested in CHP, mainly because significant 
reductions in fuel consumption, and, as a result, 69% of all DH heat production nowadays 
comes from CHP [9].  
 
Table 14: Economic comparison between the Tariff 0-500 / 0-2,1 
and the existing one 
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Therefore, it is also important to assess the competitiveness of the PtH technologies over 
the common CHP units. Marginal costs of CHP units are dependent on spot prices and 
follow a negative slope, since there is a reduction in their heat costs according to their 
electricity production. As a consequence, CHP heat production is less competitive at low 
spot prices but more competitive at high spot prices. Common CHP units are: gas CHP, 
wood pellet CHP and wood chips CHP. Nevertheless, only gas CHP units are considered in 
this study. Biomass CHP are not used in decentralized DH plants, since they are relatively 
expensive at small scale and therefore are only profitable for centralized DH plants. 
Figure 15, presents a comparison of the electric boilers competitiveness among gas boilers, 
wood pellet boilers, wood chip boilers and gas CHP units.  For the marginal costs of the 
alternative heat technologies, see [32] [34] [38]. 
 
In Figure 15, it is highlighted where the electric boilers marginal cost curve intersects with 
the alternative heat technologies marginal costs curves. The intersection determines the 
power spot price until where electric boilers have cheaper marginal costs than the 
alternative heat technology. This means that as higher the intersecting spot price, the more 
competitive the electric boiler is. 
Figure 15: Electric boilers competitive advantage in decentralized DH plants 
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From Figure 15, one can see that, nowadays, electric boilers cannot compete for any 
positive spot price with wood chips boilers and wood pellet boilers. Then, compared to gas 
boilers, electric boilers account for cheaper marginal costs until spot prices of 76 DKK/MWh, 
which is a really low value. Finally, when compared to gas CHP, electric boilers are currently 
competitive until spot prices of 153 DKK/MWh, which means a wider spot price range than 
in the gas boiler case. 
Besides, when dynamic tariffs are applied, electric boilers continue being unable to be 
cheaper than wood chip boilers for any positive spot price. However, when it comes to wood 
pellet boilers, they increase their competitiveness until 120 DKK/MWh, which indicates a 
really positive increase. Then, compared to gas boilers, electric boilers improve their 
competitive advantage from 76 DKK/MWh to 190 DKK/MWh, pointing out as an increase of 
150%. Finally, in comparison with gas CHP units, they increase their competitive spot price 
by a 34%, from 153 DKK/MWh to 205 DKK/MWh.  
Table 15 summarizes the spot prices until where electric boilers marginal costs are lower 
than the marginal costs of the alternative heating technology in decentralized DH plants.  
 
Intersecting Electricity Spot Price 
[DKK/MWh] 
Electric Boiler 
Current Dynamic 
Gas CHP 153 205 
Gas Boiler 76 190 
Wood Pellet Boiler <0 120 
Wood Chips Boiler <0 <0 
Dynamic tariffs increase significantly the operational range of spot prices for electric boilers 
in Denmark. Then, Figure 16 and Figure 17 compare electric boiler costs over time versus 
alternative heat boilers and CHP units respectively. 
Table 15: Electricity spot price until where electric boilers are cheaper than alternative heat technologies 
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Figure 16 and Figure 17 point out how marginal costs of electric boilers vary, when the 
dynamic Tariff 100-500 / 0-2,1 is applied instead of the existing one. Electric boilers 
become competitive every time its marginal cost curve is below the curve of alternatives DH 
boiler or gas CHP units. 
Figure 16: Marginal cost for heat production over time (electric boiler versus alternative heat boilers) 
Figure 17: Marginal costs for heat production over time (electric boiler versus CHP units) 
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Finally, Table 16 presents the time percentages over the year 2015, where electric boilers 
have lower marginal costs of heat production than the alternative heating technologies (DH 
boilers and CHP units). 
Competitive advantage 
Wood Pellet 
Boiler 
Wood Chip 
Boiler 
Gas 
Boiler 
Gas 
CHP 
ELECTRI
C 
BOILER 
Existing 
Operational 
hours [h/year] 
18 2 1062 3117 
Operational 
percentage [%]  
   
0,21% 0,02% 12,12% 35,69% 
Dynamic 
Operational 
hours [h/year] 
2355 41 5441 6515 
Operational 
percentage [%]  
   
26,89% 0,47% 62,12% 74,38% 
In Table 16, one may observe that electric boilers always increase their operational hours in 
the dynamic scenario independently which is the compared alternative heating technology.  
In conclusion Tariff 100-500 / 0-2,1 increase the competitive advantage of electric boilers in 
the DH sector in Denmark. The operational range of spot prices and the operative hours are 
significantly increased in the dynamic scenario. However, even if applying the new tariff, 
electric boilers cannot compete with wood chip boilers. 
7.2.1. Maximum competitiveness – Removal of tariffs 
An analysis is presented here about how much PtH technologies can be benefited, if the 
distribution grid tariff, the transmission grid tariff and the PSO tariff are completely removed. 
In this hypothetical situation PtH electricity costs only account for the electricity spot price 
and the energy tax, as all tariffs are set to zero for all electricity spot prices.  
Table 16: Operational percentage for heating technologies over the year 2015 (8760h) 
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The results from the hypothetic regulatory framework without tariffs are shown in Figure 18 
and Figure 19, where marginal costs of the technologies are compared in the non-tariff 
framework with the current one. The intersecting points until where PtH can offer cheaper 
marginal costs in both scenarios are presented as well. 
 
 
Figure 18: Heat pump marginal costs with tariffs and without tariffs 
Figure 19: Electric boiler marginal costs with tariffs and without tariffs 
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As it can be observed, marginal costs curve for both heat pumps and electric boilers are 
moved to the right side of the graphs. PtH costs for heat production are significantly 
decreased and therefore the spot prices until where PtH can offer cheaper heat prices than 
the alternative technologies are increased.  
Table 17 summarizes the intersecting spot prices until where heat pumps and electric 
boilers marginal costs are lower than the marginal costs of the alternative heating 
technologies in decentralized DH plants in Denmark. 
 
Intersecting Electricity Spot 
Price [DKK/MWh] 
Heat Pump Electric Boiler 
Current Dynamic Current Dynamic 
Gas CHP 364 491 153 270 
Gas Boiler 670 >800 76 292 
Wood Pellet Boiler 218 670 <0 142 
Wood Chips Boiler <0 221 <0 <0 
The operational spot price range is observed to increase for both heat pumps and electric 
boilers. However, in spite of the tariffs removal, electric boilers continue not being 
competitive with wood chip boilers for any positive spot price. 
Then, Table 18 shows how the operating percentages for heat pumps and electric boilers 
can increase, if they are not required paying tariffs.  
 
 
 
 
Table 17: Electricity spot price until where PtH are cheaper than other heat systems 
Tariff Framework for an Intensified Flexibility of Power-to-Heat in District Heating Page 85 
 
Competitive advantage 
Wood Pellet 
Boiler 
Wood Chip 
Boiler 
Gas 
Boiler 
Gas 
CHP 
HEAT 
PUMP 
Existing 
Operational 
hours [h/year] 
7046 0 8758 8494 
Operational 
percentage [%] 
80,44% 0% 99,99% 99,97% 
Dynamic 
Operational 
hours [h/year] 
8758 7104 8759 8740 
Operational 
percentage [%] 
99,98% 81,10% 99,99% 96,77% 
ELECTRI
C 
BOILER 
Existing 
Operational 
hours [h/year] 
18 2 1062 3117 
Operational 
percentage [%] 
0,21% 0,02% 12,12% 35,69% 
Dynamic 
Operational 
hours [h/year] 
2766 41 7993 7848 
Operational 
percentage [%] 
31,58% 0,47% 91,25% 89,60% 
It can be observed, that both technologies can, in general, highly increase their operational 
hours if the tariffs are removed. Nevertheless, it is worth noting that although not paying 
tariffs, electric boilers have lower marginal costs than wood chips boilers for 0,47% of the 
time.  
In conclusion, electric boilers can hardly ever compete with wood chips boilers, so, if it is 
wanted to prioritize them when prices are low, deeper regulatory changes are needed. One 
Table 18: Operational percentage for heating technologies over the year 2015 (8760h) 
Page 86  Memory 
 
option could be not only to change electricity tariffs but also electricity taxes. Then, re-
defining the regulatory framework of biomass heat technologies may be needed as well.  
Despite the difficulties to compete with biomass boilers, the removal of the tariffs reveals 
very incentivizing economic benefits for PtH technologies, as shown in Table 19. 
 
TARIFF DESIGN 
NPV  
[DKK] 
IRR 
[%] 
PBT 
[years] 
LCE 
[DKK/MWh] 
On 
[h] 
CEL 
[DKK/MWh] 
PHEAT 
[DKK/MWh] 
HEAT 
PUMP 
Existing 0 6 12 454 8494 977,76 382,97 
Dynamic 0 6 12 283 8740 552,43 240,01 
ELECTRIC 
BOILER 
Existing 0 6 12 616 1062 471,46 517,50 
Dynamic 0 6 12 450 7993 366,39 375,76 
However, the elimination of electricity tariffs for heat pumps and electric boilers may lead to 
total losses for local distribution companies of around 6.901.700 DKK/year and for 
Energinet.dk of around 14.546.180 DKK/year.  
Table 20 presents the lost revenues in relation to each tariff and technology. 
 
 
 
 
 
 
Table 19: Economic improvements for heat pumps and electric boilers if electricity tariffs are removed 
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REVENUES: No tariffs HEAT PUMP 
ELECTRIC 
BOILER 
DSO 
[DKK/year] 
Existing 5.521.100 1.380.600 
Dynamic 0 0 
Losses 5.521.100 1.380.600 
TSO  
[DKK/year] 
Existing 3.482.540 870.840 
Dynamic 0 0 
Losses 3.482.540 870.840 
PSO 
[DKK/year] 
Existing 10.192.800 - 
Dynamic 0 - 
Losses 10.192.800 - 
7.3. Environmental assessment 
The environmental assessment is an important part in feasibility studies. Although impacts 
on the environment do not have a market value and defined prices, they do have a value to 
society and should be considered in a socio-economic analysis.  
CO2 emissions are an adequate, but not unique, indicator for assessing the impact of a 
project in the environment. For heat supply technologies, the easiest approach is to 
approximate the emissions per kg of type of fuel used. However, for electricity consuming 
technologies like heat pumps and electric boilers, this approach turns to be considerably 
more complicated. The power system is composed of many interconnected systems 
including different units from different sources produced in different countries and through 
export and import exchanges. So the challenge is to quantify the CO2 emissions per MWh 
electricity from a mix of fuels and from imported and exported volumes. For this reason, 
public authorities within every country estimate and publish different values for CO2 
emissions per MWh electricity according to different methodology calculations [39].  
Table 20: Tariffs losses for local distribution companies and Energinet.dk 
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According to Ecometrica [40], this report assumes that the CO2 emitted per each MWh of 
electricity consumed in Denmark is 425,22 kg CO2/MWh. 
Table 21, shows the estimated CO2 emissions for electric boilers with the existing tariffs and 
the proposed dynamic Tariff 100-500 / 0-2,1. 
 
Produced emissions 
ELECTRIC BOILERS 
Existing Dynamic 
CO2 emitted [kg CO2/MWhELECTRICITY] 425,22  
Electricity consumed [MWhELECTRICITY/year] 10.620 54.410 
CO2 emissions [kg CO2/year] 4.515.836 23.136.220 
As it can be seen in Table 21, CO2 emissions in the dynamic scenario increase significantly 
for electric boilers since dynamic tariffs increase their operational hours. However, it should 
be considered that the operation of electric boilers with dynamic tariffs may substitute 
operational hours of other heat technologies, thus other CO2 emissions may be replaced.  
In order to approximate the saved emissions of not using alternative fuels, the study 
assumes that electric boilers are going to replace hours of gas boilers operation. Other fuels 
may be also replaced, but considering gas boilers as the main competitors, the assumption 
can give a simple but representative environmental approach. Therefore, assuming that 
electric boilers will replace 4379 MWh/year of gas boilers production (see Table 16) and that 
gas boilers in Denmark emit 205,2 kg CO2/MWh according to the Danish Energy Agency 
[6], the replaced emissions are presented in Table 22:  
 
 
Table 21: Produced emissions from electric boilers consumption under the existing and dynamic scenarios 
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Replaced emissions GAS BOILER 
CO2 emitted [kg CO2/MWhHEAT] 205,2 
Heat replaced [MWh/year] 43.790 
CO2 emissions [kg CO2/year] 8.985.708 
Finally, the saved CO2 emissions from gas are subtracted from generated emissions from 
the electricity consumption and as a result, the estimated carbon emissions are shown in 
Table 23: 
 
Environmental impact 
ELECTRIC BOILERS 
Existing Dynamic 
Electricity consumed [MWhEL/year] 10.620 54.410 
CO2 emissions [kg CO2/year] 4.515.836 14.150.512 
However, it should be also noted that the estimated value for electricity consumption in [40] 
assumes that the electricity comes from an average mix of fuels, imports and exports in 
Denmark. It does not consider that electric boilers would only operate for low electricity 
prices, where the generated electricity basically comes from wind and therefore the CO2 
emissions are close to zero.  
Being aware of the mentioned weaknesses of the methodology and that real CO2 emissions 
would be lower with the dynamic Tariff 100-500 / 0-2,1 than it is shown in Table 23, it is 
good for a private-economic analysis to have a first-order CO2 quantification that can 
approximate the environmental impacts for the different technologies.  
Table 22: Avoided emissions of gas when changing the tariffs for electric boilers 
Table 23: Approximated environmental impact of electric boilers 
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Conclusions 
The sharp increase of additional VRE power production, such as wind, requires more 
flexible resources to help balance the power system. Nordic cold countries, like Denmark, 
have high DH penetration that can significantly contribute to the flexibility of the power 
system. Using technologies, such as CHP and PtH for heating, can increase the dynamic 
response of the power system and thus integrate VRE power generation. 
This study assesses the prevalence of CHP and PtH in Denmark but also gives an overview 
of the corresponding context in Nordic countries (Norway, Sweden and Finland). The 
investigation concludes that CHP is widely deployed in most of the countries, while PtH is 
used to a limited extent. 
In Denmark, the barriers for PtH are mainly the high electricity tariffs and taxes that prevent 
the usage of electricity for DH. The choice of current Danish technologies for heat 
generation is basically driven by an outdated regulatory framework that restrains the flexible 
potential of PtH. In addition, the high VRE production is providing very low power prices that 
push CHP plants to decrease their capacity. The operation of PtH when spot prices are low, 
can help CHP to integrate VRE production and therefore the combination of both 
technologies can provide great flexibility to the power system.  
The reduction of electricity costs for heat production can incentivize DH producers to invest 
in PtH technologies. The price reduction needs to be dynamic in order to promote flexible 
operation, satisfying the power system needs. The results of this study suggest that 
dynamic electricity tariffs for PtH technologies are a potential solution to the constraints in 
the Danish heat sector. The electricity cost includes three different tariffs: distribution, 
transmission and PSO tariffs, that account for around the 42% of the total electricity price. A 
deep reform may also include the dynamic electricity tax that is about the 35% of the total 
price. Nevertheless, since electricity taxes are not system dependent costs but largely fiscal 
taxes, the scope of the study is constrained to dynamic electricity tariffs. 
The present Master thesis has performed a techno-economic study that mainly focuses on 
the economic part of dynamic tariffs and does not intend to be a full energy model-based 
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analysis. The objective of this study is limited to the economic effects of dynamic tariffs, and 
not on the technical energy system performance. 
Effects on power-to-heat technologies 
Two models in Microsoft Excel were built in order to determine an optimal design for the 
dynamic tariffs and quantitatively assess the improved economic effects of this new 
regulatory proposal with respect to the existing one. The criteria for the selection of the new 
tariff was set to: lower LCE, higher operational hours, lower electricity costs, lower heat 
prices, and at least same revenues for the local distribution companies and Energinet.dk. 
An optimal tariff design for both heat pumps and electric boilers that mutually promotes 
flexible operation and guarantees at least the same revenues for the tariff collectors was not 
identified. The reason is that the technologies operate in different ranges of spot prices and 
have different roles in the heat sector; heat pumps are more efficient but have higher 
investment costs, therefore they run as base-load operators, considered as substitutes of 
CHP and contributing to flexibility by stopping operation at extremely high electricity prices. 
In contrast, electric boilers are much less efficient but have lower investment costs. They 
run few hours per year in case of low spot prices and consequently are considered 
cooperators to CHP, when the wind production is high. They contribute to flexibility by 
starting operation when low spot prices. Consequently, electric boilers have higher potential 
for flexibility than heat pumps. 
Being aware that heat pumps and electric boilers have different ways of contributing to 
flexibility, it was decided to design particular tariffs separately for each technology. 
On one hand, it was not possible to find a certain dynamic tariff design for heat pumps that 
simultaneously benefits them economically, promotes flexible operation and ensures same 
revenues for Energinet.dk and local distribution companies. The main reason derives from 
the fact that pumps have high investment costs that make them operate many hours in 
order to be profitable and thus their role is more suitable as base-load operators than 
flexibility operators. The tariff design that ensured at least same tariffs payments decreased 
the operational hours of heat pumps until a level that worsened their competitive advantage. 
Specific tariff designs that make heat pumps operate flexibly and at the same time improve 
their competitive advantage can be found, but none of them can ensure same revenues to 
the tariffs collectors. 
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On the other hand, different tariff designs for electric boilers could satisfy the criterion of 
improved benefits, enhanced flexibility and at least same tariff payments. Among all 
possible tariffs, the dynamic Tariff 100-500 / 0-2,1 was chosen, since it provided both higher 
economic benefits and higher competitive advantage. Since electric boilers are already 
exempted from the PSO tariff, the dynamic design was only proposed for the distribution 
grid tariff and the transmission grid tariff. 
The models in Microsoft Excel quantified the improvement that the new tariff could provide 
to electric boilers. The outcomes illustrated that Tariff 100-500 / 0-2,1 significantly reduces 
the marginal costs of electric boilers and makes them competitive compared to the main 
alternative heat technologies. Nevertheless, despite the new tariff, electric boilers cannot 
offer lower marginal costs than wood chip boilers.  
The new tariff fulfills its targets of promoting flexible operation since it incentivizes 
consumption in case of electricity surplus by lowering charges, but it discourages 
consumption in case of electricity need by increasing charges. In this way, the tariff makes 
electric boilers adaptable to the power system needs.  
After all, the new tariff also satisfies the last condition of ensuring at least same revenues for 
the distribution and transmission tariffs’ collectors. 
Table 24 summarizes the most relevant results when dynamic tariffs are applied to electric 
boilers. 
 
Private-economic analysis – Detailed results in section 7.1. (Table 14) 
LCE [DKK/MWh] Operation [h/year] CEL [DKK/MWh] PHEAT [DKK/MWh] 
Flat Dynamic Flat Dynamic Flat Dynamic Flat Dynamic 
616 468 1062 5441 472 379 518 391 
Reduction of 24% Increase of 412% Reduction of 20% Reduction of 25% 
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Competitive advantage – Detailed results in section 7.2. (Table 15 and 16) 
 Gas boiler Gas CHP Wood pellet boiler Wood chip boiler 
Max. spot price until 
where electric 
boilers offer cheaper 
marginal costs 
[DKK/MWh] 
Flat Dynamic Flat Dynamic Flat Dynamic Flat Dynamic 
76 190 153 205 <0 120 <0 <0 
Electric boilers 
increase in the 
operational spot 
price range 
150% 34% 160% 
Electric boilers 
cannot operate for 
any positive spot 
price 
%   hours that 
electric boilers offer 
cheaper marginal 
costs 
Flat Dynamic Flat Dynamic Flat Dynamic Flat Dynamic 
12% 62% 36% 74% 0,2% 27% 0,02% 0,5% 
Flexibility 
Spot price range (PEL) 
[DKK/MWh] 
Charge Electric boiler consumption Electricity cost 
PEL<100 - Very low PEL 0 x current tariff Very incentivized Reduction of 40% 
100<PEL<300 - Low PEL Linear charge Incentivized Linear reduction 
PEL=300 Current tariff Same Same 
300<PEL<500 - Low PEL Linear charge Discouraged Linear increase 
PEL>500 - Very high PEL 2,12 x current tariff Very discouraged Increase of 23% 
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Revenues for the tariffs collectors 
Tariff Collector Revenue reduction 
Transmission grid tariff Energinet.dk No 
Distribution gird tariff Local distribution companies No 
An analysis was also conducted to investigate the increase of the competitive advantage for 
heat pumps and electric boilers, by totally removing the tariffs (setting to zero the distribution 
grid tariff, the transmission grid tariff and the PSO tariff). The outputs demonstrated high 
private-economic improvements for both technologies. Heat pumps can become 
competitive compared with all the analyzed alternative heat technologies, but electric boilers 
cannot compete with wood pellet boilers. If prioritization of electric boilers over wood chips 
boilers is wanted in case of low spot prices, a deeper regulatory reform may be needed. 
Making both electricity tariffs and energy tax dynamic or re-defining the regulatory 
framework for biomass heat technologies can lead to that direction. 
Note that several assumptions were considered for the models in Microsoft Excel and 
therefore the outcomes do not perfectly reflect real electric boiler operation. However, they 
do reflect how price signals can change the incentives for fuel shifting in the heating sector 
of Denmark. 
Apart from grid tariffs, electric boilers operation in DH depends on capacities, storage 
options, heat demands, fuel prices, etc. Therefore the results may vary according changes 
in these parameters [5]. 
In addition, this thesis assumes the purchase of electricity from the day-ahead spot market. 
Nevertheless, electric boilers could also contribute to balancing and regulating markets 
where price fluctuations are high and thus the tariff could also be relevant for them [5].  
 
Table 24: Summary of results of dynamic tariffs in electric boilers 
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Concluding the effects of PtH technologies, Tariff 100-500 / 0-2,1 provides incentivizing 
economic benefits for Danish DH plants to invest in electric boilers, to encourage flexibility in 
the power system and to guarantee same payments for the tariffs collectors. In addition, 
due to the increased operation of electric boilers, DH plants may have lower payments due 
to electricity consumption in low tariffs periods as well as lower consumption of other fuels, 
such as natural gas and wood pellets. 
The benefits of PtH for VRE integration have been highlighted in previous studies [5] [22] 
[28] [41]. This Master thesis gives robustness to the previous findings, verifying that real-
time pricing tariffs can economically improve the operation of electric boilers and thus 
incentivize their investments in DH plants in Denmark.  
Effects on the distribution and the transmission tariffs 
Examining the impact of shifting to dynamic tariffs in both local distribution companies and 
Energinet.dk, Tariff 100-500 / 0-2,1 is expected to be well accepted by the grids. 
On one hand, the shift to dynamic distribution grid tariffs can be supported with the need for 
flexibility in the electricity consumption. A dynamic pricing can cost-effectively contribute to 
bridging the electricity consumption and thus reducing the need for network expansion by 
ensuring a higher and more constant use of capacity.  
On the other hand, the shift to dynamic transmission grid tariffs can be supported with the 
need for flexibility in the electricity supply. The new tariff reacts to fluctuations in the supply 
due to VRE power production, which directly reduces electricity prices and put strain on 
conventional suppliers.  
In the overall, dynamic tariffs are expected to balance the power system in the long-term, so 
that distribution and transmission grids may obtain benefits from fewer variations in supply 
and demand that sometimes provide network challenges. The tariffs can be a direct socio-
economic gain for both grids, since they are benefited from a more stable electricity system 
and their revenues are not reduced.  
Furthermore, distribution grid companies and Energinet.dk can freely change their tariffs, 
since they only rely on DERA approval and are not subjected to legislation and state aid 
approval. Therefore, it facilitates the implementation of dynamic tariffs, since their design 
should be annually reviewed. Danish forecasts expect by 2030 increases in power 
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generation of 11000MW from wind and of 400MW from solar, and also a rise of power 
consumption around 42% [27]. Also in the long-term, dynamic tariffs predict reallocation of 
the electricity consumption to periods of low power prices. As a consequence, any dynamic 
tariff design needs to be frequently updated so that it promotes a flexible operation and, at 
the same time, it does not affect TSO and DSO revenues. 
A dynamic design for heat pumps will result in a dynamic PSO tariff as well. PSO is updated 
four times per year and needs additionally to be approved by state legislation [18]. Hence, 
modifying the PSO tariff could be efficient, but complicated too. 
Finally, new tariffs are capable of reflecting time-to-time consumption and production 
fluctuations. They provide price-signals of electricity market imbalances to consumers, thus 
enabling them to choose between shifting consumption or paying higher prices. The market 
price differences can drive consumption relocation over time and therefore can benefit the 
economy and promote energy efficiency. Reductions in energy use and facilitated peak load 
management can lead, in the end, to a less polluting society, electricity generation savings 
and improved quality and security of supply. 
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